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“Once in a blue moon” describes\the phenomenon in Which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa\in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event. 
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Tourette Syndrome affects people of all ages. Often the symptoms are associated \ 
other illnesses, or worse yet they are entirely ignored. No drug presently availaDie can 
eliminate all the symptoms 





One medication has been found to be an effective alternative in the treatment of 
. Tourette Syndrome manifestations ORAP™ (pimozide). ORAP more effectively 
reduces motor and phonic tics with less sedation than other treatment 


Our commitment to innovative neurological disease treatment and sponsorship of 
orphan disease research demonstrate LEMMON COMPANY'S mandate to improve the : 
quality of life of those afflicted with chronic illness. @ "= 
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ORAP” la 
(pimozide) Tablets ` 2 


ORAP is now exclusively distributed by LEMMON COMPANY. 
CALL TOLL FREE 800-523-6542 
IN PENNSYLVANIA (215) 723-5544 ; 


LEMMON è 


LEMMON COMPANY, Sellersville, PA 18960 





Please see following page for a brief summary of prescribing information S 


ORAP’ 


(pimozide) Tablets 








INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment. 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics. 
Evidence supporting approval of pimozide for use in Tourette's Disorder was obtained 
in two controlled clinical investigations which enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


CONTRAINDICATIONS 


1. ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette's Disorder. 

2. ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.g., pemoline, methylphenidate and amphetamines) until 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder, are responsible for the tics. 

3. Because ORAP prolongs the OT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome, patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS). 

4.  ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5. agi sa pa e gee te Aol As it is not known 


The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS—information for Patients). 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs. 
Although the prevalence of the syndrome appears to be highest among the elderly, 
especially elderly women, it is impossible to rely upon prevalence estimates to predict, at 
_ the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome, Whether antipsychotic drug products differ in their potential to cause tardive 

- dyskinesia is unknown. 
Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to in as the duration of treatment is withdrawn. 
treatment, itself , May Suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the long-term course of the 


ee ne aaa 
Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia, Chronic 
treatment generally be reserved for patients who suffer from a 
chronic iliness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satisfactory clinical response should be 
sought. The need for continued treatment should be reassessed periodically. 
EEEE TESES S SEA OO O TOEA OA, 
drug discontinuation should be co However, some patients may require 
treatment despite the presence of the 
(For further information about the description of tardive dyskinesia and its clinical 
se please refer to ADVERSE REACTIONS and PRECAUTIONS—information for 
) 


Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical manifestations of NMS are hyperpyrexia, 
muscle rigidity, altered mental status (including catatonic signs) and evidence of 


myoglobinuria (rhabdomyolysis) and acute renal failure. 
The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identify cases where the clinical presentation includes both 
serious medical illness (€.9., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
anticholinergic toxicity, heat 


) pathology. 
The management of NMS should include 1) immediate discontinuation of 


antipsychotic ch pao dread oaeiai D aed 2) intensive 
symptomatic medical monitoring, and 3) treatment of any concomitant 
serious medical for which specific treatments are available. There is no general 
agreement about specific ical treatment regimens for uncomplicated NMS. 


pharmacological 
5 if a patient requires antipsychotic drug treatment after recovery from NMS, the 
a ob reintroduction of drug therapy should be carefully considered. The patient 
a be caretully monitored, since recurrences of NMS have been reported. 
weer ee oe eee E aR Dae reper 
F- m E ibe 
Ka” seid tala hata occurred in experimental tudi of condon 
4. s prakken roada These deaths occurred while patients were receiving 
A in the range of 1 mg per kg. One possible machanism for such deaths is 
x of the QT inte interval predisposing patients to ventricular arrhythmia. An 
A Sa be performed before ORAP treatment is initiated and 
aia roion biodi ggaaba an antes con 
potential. Based on studies condufled in mice, it is 
hat | EE E does nated rona f ahay faan The full 
SE a mo, but should be taken into consideration in the 
V's and to use this drug product. This finding should be given 
i patient is young and chronic use of pimozide is 
"se PRECAUTIONS Carinogenese, Magers Impairment of Fertility). 
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PRECAUTIONS 
Baa ORAP (pimozide) may impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks, such as driving a car or operating 
pate ry, especially during the first few days of therapy: 

anticholinergic 


ey function, because itis metabolized by the liver and excreted by the kidneys. 
Baani ans should be administered with caution to patients receiving 
abnormalities, because 


Seah mac ot 
if indicated, adequate anticonvulsant therapy 


Been aise RSA and periodically thereafter 
apron aE A S nof 1 of OT, interval 





as phenothiazines, tricyclic antdepressants l agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS). 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, anxiolytics, and alcohol. 

Carcinogenesis, Mutagenesis. Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimczide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, ee coon 
developed in females only. These changes were characterized as hyperplasia at 
e O Ana Gio el ie ameet USN ADA What toe ee onions 
recommended human dose om a mg per xg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent im vitro, a tactor of potential importance if the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer, Although disturbances such as galactorrhea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown fot most patients. Neither clinical studies nor 


epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, considered too nied to DaRi ive at this time. 

In a 24 month carcinogenicity rats, animals received up to 50 times the 


maximum recommended human dose. incidence of overall tumors or 
tumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
Strains, in the mouse dominart lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility. 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple cf the human dose resulted in decreased pregnancies and in 
the retarded of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. In the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxicity including increased resorptions were dose related. Because animal 
reproduction studies are not always precictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potential risks 

Labor and Delivery This drug has no recognized use in labor or delivery. 

Nursing Mothers Itis not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue thedrug, taking into account the importance of the 
drug to the mother 


Pediatric Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited. 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette's Disorder. 


ADVERSE REACTIONS 
General: Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) save been reported frequently, often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed. were usually mild to moderately severe and 
usually reversible. 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperreflexia, opisthotonos, oculogyric crises) have been reported far less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively low doses. 
Generally the occurrence and severity of most extrapyramidal symptoms are dose related 
since they occur at relatively high doses and have been shown to disappear or become 
less severe when the dose is reduced. Administration of antiparkinson drugs such as 
benztropine mesylate or trinexyphenidy hydrochloride may be required for control of 
such reactions. It should be noted that persistent extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases. 


Withdrawal Emergent Neurological Signs: receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs 
However, some patients on maintenance treatment transient dyskinetic signs 


experience 

after abrupt withdrawal. in certain cf these cases the dyskinetic movements are 
indistinguishable from the syndrome described below under ‘Tardive Dyskinesia® except 
for duration. It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence becomes available, it seems reasonable to gradually withdraw use of ORAP. 

Tardive Dyskinesia’ ORAP may be associated with persistent dyskinesias. Tardive 
dyskinesia, a syndrome consisting of potentially irreversible, involuntary, dyskinetic 
movements, may appear in some patierts on long-term therapy or may occur after drug 
therapy has been discontinued. The riskappears to be greater in elderly patients on high- 
dose therapy, especially females. The symptoms are persistent and in ‘some patients 
appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue, face, mouth or jaw (e.g, protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movemeats). Sometimes these may be accompanied by 
involuntary movements of extremities amd the trunk. 

There is no known effective treatment for tardive dyskinesia; antiparkinson agents 
usually do not alleviate the symptoms of this syndrome, It is suggested that all 
antipsychotic agents be discontinuedif these symptoms appear. Should it be 
to reinstitute treatment, or increase the dosage of the agent, or switch to a different 
antipsychotic agent, this syndrome maybe masked. 

It has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the mecication is stopped at that time the syndrome may 
not develop. 


ia. These 
prolongation of the OT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, umexpected deaths and grand mal seizure have 


occurred at doses above 20 mg/day 

Neuroleptic Malignant Syndrome: e Susane aat Arino lr ago 
reported with ORAP. (See WARNINGS tor further information concerning NMS.) 
: Hyperpyrexia has been reported with other antipsychotic drugs. 


Prva via The following adverse reaction tabulation was derived from 20 patients in 


a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 


Body System/ Pimogide Placebo 
Adverse Reaction (N=20) (N= 20) 
Body as a Whole 
1 2 
§ 1 
1 0 
c 2 
c 1 
wi 4 2 
c 1 
1 0 
1 0 
Ak a t 








S 
NNDO NĚN 
(=K. E 


g 
H 


oo-W 


A 
—_— D 
ooo 


Because clinica! investigational experience with JRAP in Tourette's Disorde 
limited, uncommon adverse reactions may not have been detected. The i 
should consider that other adverse reactionsassociated with antipsychotics may 
Other Adverse Reactions In addition to the adverse reactions listed abave, those 
below have been reported in U.S. clinica’ trials of ORAP in conditions other 
Tourette's Disorder. 

Body as a Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory: Postural hypotension, hypotension. hypertensic 
tachycardia, palpitations 

Gastrointestinal: Increased salivation, nausea, vomiting, anorexia, GI cistress 

Endocrine: Loss of libido 

Metabolic/Nutntional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 


Psychiatric: 

Special Senses: Blurred vision, cataracts 

Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The folowing experiences were described in spontan 
postmarketing reports. These reports do nat provide sufficient information to estab! 
Clear causal relationship with the use of ORAP. 

Hematologic: Hemolytic anemia 

OVERDOSAGE 

In general, the signs and symptoms of overdosage with ORAP (pimozide) wou 

an exaggeration of known pharmacologic effects and adverse reactions, the 


prominent of which would be: 1) electrocardiographic abnormalities, 2) s 
extrapyramidal reactions, 3) hypotensien, 4) a comatose state with 








depression. 
In the event of overdosage, gastric lavage, establishment of a patent airway 
necessary mechanically-assisted haaay are advised. Electrocardiogr 
should commence immediately and continue until the ECG 


as metaraminol, phenylephrine and norepinephrine. Epinephrine shoule not be us 
case of severe extrapyramidal reactions, antiparkinson medication sho 
administered. Because of the long half-life of pimozide, patients who take an 
should be observed for at least 4 days. Aswwith all dregs, the physician should - 
contacting a poison control center for additional mformation on he treatn 
overdose. 


i 


DOSAGE AND ADMINISTRATION 
Reliable dose response data for the effects of ORAP (pimozide) on tic 
A at adh ph ane st igen et ea 
the suppression of tics by ORAP requires a slow anc gradual introduetion of 
The patient's dose should be carefully adjusted to a point where the 
and the relief afforded is balanced against the untoward side effects of the drug. 





divided doses. The dose ay bec erate oye ay Most 


disease syndrome rather than a responsesto drug withdrawal. A gradual 
recommended in any case. 


HOW SUPPLIED 

ORAP (pimozide) 2 mg tablets, white, scored, imprint “LEMMON’ and 
0093-0187-01, bottles of 100. 

Dispense in tight, light-resistant containers as defined in the official 


red by: 
Pharmacsutical, (Casada) Ltd. 
Stouffville, Ontario L4A 7x7 


Sellersvilie, PA 18960 
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nt-stry, 601 Zlmwoed Ave, Rochester, NY 14642. Manuscripts 
eeceived wth the understanding that they are not under 
mu taneous consideration by another publication. Accepted 
anescripis besome the permanent property of the ARCHIVES and 
ay not be publishec elsewhere without permission from the 
blisher AMz). 
In odditien, ineview of The Copyright Revision Act of 1976, effective 
n 1 1978 transmittal letters to the editor should contain the following 
e: “In censideration of the American Medical Association’s 
ine actien im reviewing and editing my submission, the author(s) 
ersigned heresy transfers, assigns, or otherwise conveys all copyright 
fnesship t the AVIA in the event that such work is published by the 
A” We regr=t that transmittal letters not containing the foregoing 
guage signed -yall authors of the submission will necessitate delay in 
wiew of the manuscript. 
Author Respossibility.— All aecepted manuscripts are subject to 
py editing. Tae author will receive an edited typescript rather 


tements in his werk, including changes made by the copy 
itor. 
esignate ore auther as correspondent and provide his address 
telephone rumber. Order reprints at the time the typescript is 
umed after editorial processing. Specify address to which 
uests fer reorints should be sent. 
Manuscript Greparatien.—Submit three high-quality copies of 
e entire manuscript. The copies will not be returned. The 
thers shoule keep the original manuscript for submission if 
epted. The eriginal manuscript (including references, legends, 
‘d tables) must be typed double-spaced on 21.6 X 27.9-cm 
x 11—n), leevy-daty white bond paper. Ample margins of at 
st 2.5 em (1 m) should be provided. If a word processor is used, do 
jestify righthand margins. 
Refer to pæients by number (or, in anecdotal reports, by 
_ ‘titious givenenames). Real names or initials should not be used 
the text, tallles,or illustrations. 
.—Title should be short, specific, and clear. They should 
exceed 42 characters per line, including punctuation and 
aces, amd be limited to two lines, if possible. The title page 
yuid include the full names and academic affiliations of all 
thors, the acdress to which requests for reprints should be sent, 
if themaruscript was presented at a meeting, the name of the 
anization, place, and date on which it was read. 
of Writing.—The style of writing should conform to ac- 
le Engli hwsage and syntax. Slang, medical jargon, obscure 
‘eviations, and abbreviated phrasing are to be avoided. 
“Formed Corsent.— Manuscripts reporting the results of experi- 
| investications of human subjects must include a statement 
che effect that informed consent was obtained after the nature 
she precedure(s) had been Tully explained. 
traet —P=ovide an abstract (135-word maximum) of the 
de, including statements of the problem, method of study, 
ts, and eenelusions. The abstract replaces the summary. 
@erenees.— List references in consecutive numerical order (not 
hebetically. Once a reference is cited, all subsequent citations 
uld beto the original number. All references must be cited in 
“sext or tabs. Unpublished data and personal communications 
wld net be isted as references. References to journal articles 
wld imclude (T) author(s, (2) title, (3) journal name (as 
veviated ir Index Medicus), (4) year, (5) volume number, and 
mclusive page numbers, in that order. References to books 
im lude (1) author(s), (2) chapter title (if any), (3) editor (if 
(4) aitle ef beok. (5) city of publication, (6) publisher, and (7) 
Volume and edition numbers, specific pages, and name of 
tor sheuld be included when appropriate. The author is 
sike for the accuracy and completeness of the references 
r their «orrect text citation. 
Units.—_Jse Système International (SI) measurements 
ghoat tne manuscript. (See June 1986 issue of the 


ES) 
trations. —The illustrations originally submitted will not be 
ed. Hig s-quality copies may be used. Original illustrations 


Neuro!—/ol 46, Jan 1989 


an galley profs for approval. The author is responsible for all 


i — c, j AS ei ut a 
P 


g 


should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Sead high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustratien. All lettering 
must be legible after reduction to column size. Arzwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
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16-18 
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22-26 


24-26 


27-March 1 


27-March 2 


27-March 4 


CALENDAR OF MEETINGS 


Fifth Meeting on Alzheimer’s Disease, International Study Group on the Pharmacology of Memory 

Disorders Associated With Aging, Zurich. Contact Professor Richard Wurtman, Bldg E-25-604, 

Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139; (617) 253- 

6731. 
16th annual meeting, Southern Clinical Neurological Society, Camino Real Hotel, Ixtapa- 

Zihuatanejo, Mexico, ‘Advances in Neurology.” Contact Millie R. Walden, Executive Secretary, 

3425 SW Second Ave, Suite 153, Gainesville, FL 32607; (904) 374-6058 or (904) 373-9765. 
12th annual meeting, Neurology for Nonneurologists, Holiday Inn Embarcadero, San Diego, 

sponsored by Department of Continuing Medical Education, University of California at San Diego 

School of Medicine, and Neurology for Nonneurologists Foundation. Contact Edith S. Bookstein, 

Neurology for Nonneurologists Foundation, PO Box 2586, La Jolla, CA 92038; (619) 454- 

3212. ` 

Headache: Changing Perspectives and Controversies, Marriott’s Camelback Inn Resort, Scotts- 

dale, Ariz. Contact American Association for the Study of Headache, PO Box 516, San Clemente, 

CA 92672; (714) 498-1846. 

Rocky Mountain Conference on Mocern Clinical Neurophysiology; Park City, Utah, sponsored by 

the Joint Meeting of the Eastern Association of Electroencephalographers, Western Electroen- 

cephalographic Society, and Alpine Electroencephalographic Group. Contact Bonnie Becker, 

Executive Secretary, Western Electroencephalographic Society, Good Samaritan Hospital, Suite 

400, 1040 NW 22nd Ave, Portland, OR 97210; (503) 229-7721. 

Clinical Neurology for Psychiatrists, Disney World, Orlando, Fla. Contact Office of Centinuing 

Medical Education, Montefiore Medical Center, 3301 Bainbridge Ave, Bronx, NY 10467; (212) 

920-6676. 

22nd Annual Recent Advances in Neurology, San Francisco. Contact Department of Neurology, 

University of California, San Francisco, CA 94143-0742: (415) 476-4251. 

International Epilepsy and Behavior Symposium, New Orleans. Contact Bonnie Becker, Interna- 

tional Epilepsy and Behavior Symposium, 1040 NW 22nd Ave, Suite 400, Portland, OR 97210; 

(503) 229-7721. 

The Practicing Physician's Approach to the Difficult Headache Patient, Wyndham Palm Springs 

(Calif) hotel. Contact Idell Applebaum, Diamond Headache Clinic, 5252 N. Western Ave, Chicago, 

IL 60625; (312) 878-5558. 

12th annual meeting, American Socisty of Neuroimaging, Grosvenor Resort Hotel, Orlando, Fla. 

Contact American Society of Neuroimaging, 2221 University Ave SE, Suite 340, Minneapolis, MN 

55414; (612) 378-7240. 

Clinical Neurology for Psychiatrists, Holiday Inn-Fisherman’s Wharf, San Francisco. Contact 

Office of Continuing Medical Education, Montefiore Medical Center, 3301 Bainbridge Ave, Bronx, 

NY 10467; (212) 920-6676. 

Vitreous Surgery Course, Biscayne Bay Marriott Hotel and Marina, Miami. Contact Bascom Palmer 

Eye Institute, PO Box 015869, Miami, FL 33101; (305) 326-6099. 

Postconcussion Syndrome: Advances, Update, and Review, Caesars Palace, Las Vegas, Nev, 

sponsored by the Center for Neuro Skills and the Southern California Neuropsychiatric Institute. 

Contact Sherry Ryan, Southern California Neuropsychiatric Institute, 6794 La Jolla Blvd, La Jolla, 

CA 92037; (619) 454-2102. 

Eighth Annual Comprehensive Update: Body Imaging, Mammography, and Neuroradiology, 

Acapulco (Mexico) Princess Hotel, sponsored by Department of Radiology and Office of 

Continuing Education, State University of New York Health Science Center at Syracuse. Contact 

Office of Continuing Education, State University of New York Health Science Center at Syracuse, 

750 East Adams St, Syracuse, NY 13210: (315) 473-4606. 

Third Annual Magnetic Resonance Imaging Conference, Marriott's Camelback Inn Resort, 
cottsdale, Ariz. Contact Kevin King, Education Coordinator, Barrow Neurological Institute, 350 W 
homas Rd, Phoenix, AZ 85013; (602) 285-3956. 

1988 meeting of the North American Neuro-ophthalmology Society, Hotel Krystal Cancun 

(Mexico). Contact North American Neuro-ophthalmology Society, 302 Juniper Hill Rd NE, 

Albuquerque, NM 87122; (505) 293-2963. 

16th Annual Symposium, Barrow Neurological Institute, ‘Current Management of Central Nervous 

System Tumors.” Contact Toby Jardine, Manager, Barrow Neurological! Institute, 350 W Thomas 

Rd, Phoenix, AZ 85013; (602) 285-3178 or 1-800-BARROW-1. 

International Pediatric Epilepsy Surgery Symposium, Coral Gables, Fla. Contact Michael S. 

Duchowny, A Miami Children’s Hospital, 6125 SW 31st St, Miami, FL 33155; (305) 

662-8330. 

Clinical Neurology for Psychiatrists, Equitable Tower Auditorium, San Francisco. Contact Office of 

Continuing Medical Education, Montefiore Medical Center, 3301 Bainbridge Ave, Bronx, NY 

10467; (202) 920-6676. 
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m4560 sec. * Osteoplastic posterior 
oral flap. 1 min. * Burr/ hole, sec. ® Hemicraniotomy, 2 min. * 
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9999 Race Street * Fort Worth, Texas 76111 
800-493-7639 © 817-831-2604 
FEBRUARY - JULY 1989 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking threugh lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 
Il. Surgeons will participate in hands-on workshops with advanced 


pneumatic instrumentaticn so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personne! will participate in hands-on workshops as well as give 
partisular attention to equipment care and maintenance, so that 
wher OR personnel have completed the course, they will have im- 

proved competence in OR support. 


Surgeons whovhave compbted the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their >onework per se in the time delineated:t 





, 1% min. Ħ* Posterior craniec- 
iotomy, 1-2 min. * Free tem- 


RANIUM +t: Osteoplastic temporal! 


ileteral fontal flap, 3% min. * Twojosteoplastic subdural buttons, 2 
min. * Work about the divus ° Traction anchors ® Cranioplasty. 

) DEE hP. | 
: RANIOFACIAL, MAXILLOFACI +: Frontal + Maxillectomy ° 
ygomectamy * Orbital e Supre-orbit ¢/ Infra orbit e Mandibular resec- 
on © Marclibuler osteotomy * Mandibular reduction Ħ Facial fractures ° 
PO Jam Suture holes. 


ext 














wa ; 

S - 

out on 
gh tt ex, 


yrinthine acoustic neuroma, 
‘min. * Orbital fossa dissection. 





© Ar terio “cervical fusion with 


emowals, 30 sec: © Hf | 


ion im situ, 2 min. * Pisions = po 





— dissect, \eXcise, shape ° 
in situ, t ict in situ, shape. 
x. 


TIOMETALSt+t: (Superalloys, Tita fun ‘alloys, Stainless steels) Transect 
and shape in OR, 1-6 min.; in situ, 14 min. 


> 


i Procedural times refer to the actual time of running the instrument. 


` ungeons will be furnished sufficient materials and advice necessary for 
| my special preeedure they may envision. Plastic, Craniofacial, Max- 


` Wojacial, and ENT probdiems will be explored according to the individual 


wishes of the surgeons. 


| CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 


at 100 pan., allowmg for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/ORT/PA/Other) — 
US $250.08. Enroll by check and letter. All enrollments and fee payments 

aremade through the Midas Rex Office in Fort Worth. 


For additional information, cali or write. 


in. | Cinnati Medical Center, Ma 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, | 


AND BIOPLASTICS” 
(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


STEAMBOAT SPRINGS, CO, FEB. 13-14-15. Co- 
sponsored by The Department of Neurosur Uni- | 
versity of Cincinnati Medical Center, M Neuro- 
logical Institute, The Christ and Good Samaritan 

Hospitals. 
ANAHEIM, CA, FEB. 17-18-19. FOR OR PERSON- 
NEL ONLY. (Immediately precedes the Association 











of Operating Room Nurses meeting.) 
PARK CITY, UT, MAR. 1-2-3. Cosponsored by The 
D ment of Neurosur University of Cincinnati 


Medical Center, Mayfield Neurological Institute, The 
Christ and Good Samaritan Hospitals. 


PHOENIX, AZ, MAR. 6-7-8. Cosponsered by Barrow 
Neurological Institute/St. Joseph’s Hospital and 
Medical Center. (Immedia precedes the Barrow 
Neurological Institute Symposium.) 
CLEARWATER BEACH, FL, MAR. 19-20-21. Co- 
sponsored by The University of South Florida College 
of Medicine, Division of Neurosurgery. 
WASHINGTON, DC, MAR. 30-31-APR. 1. (Imme- 
diately precedes the American Association of 
Neurological Surgeons meeting.) 

ORLANDO, FL, MAY 18-19-20. FOR OR PERSON- 


NEL ONLY. (Immediately preced#s the National 
Association of Orthopaedic Nurses meeting.) 


TORONTO, ONT, CAN, MAY 25-26-27. 


_| CINCINNATI, OH, JUN. 21-22-23. Cesponsored by 


University of Cin- 
Neurological Insti- 
tute, The Christ and Good Samaritan Hospitals. 
DENVER, CO, JUL. 9-10-11. FOR CR PERSON- 
NEL ONLY. Cosponsored by the Association of Sur- 
gical Technologists. (Immediately preeedes the, Asso- 
cation of Surgical Technologists meeting.) 


PERMANENT SITES 


Hands-on workshops are held weekly in the perma- 
nent facility locations listed below. For schedules of 
these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 

quest a complete calefdar of hands-on workshops. 


DALLAS/FORT WORTH, Home @Qffice, 2929 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. 


The Department of N 


; Palm Beach, Florida. 
CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 


THE PALM BEACHES, 529 25th Street, West 
Ap 


Join the more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. 


(8,600 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,000 OR Personnel) 








me = where mother-to-child 
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Letters to the Editor 





Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word-processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


Agenesis of the Corpus Callosum 
and Limbic Malformation in 
Apert’s Syndrome 


To the Editor.—In the September 1987 
issue of the ARCHIVES, de Leon et al! 
described a case of Apert’s syndrome 
that was characterized most notably 
by agenesis of the corpus callosum 
(ACC) and limbic malformations. The 
subject of ACC is of particular inter- 
est to us, since we recently prepared 
an extensive review of 705 cases, the 
largest study ever published on this 
topic. To our knowledge, total or par- 
tial ACC is a characteristic feature of 
only three syndromes (ie, Aicardi’s, 
Andermann’s, and Shapiro’s), and its 
frequent, but not universal, occur- 
rence in Apert’s syndrome should not 
be overstated. For example, ACC has 
been reported in at least 24 cases of 
fetal alcohol syndrome and nine cases 
of Dandy-Walker syndrome’; yet to 
say either is characterized by ACC 
would be untrue. 

The presence @f severe syndactyly 
in Apert’s syndrome suggests that 
ACC, mental retardation, and limbic 
malformations are likely the manifes- 
tations of a multisystemic problem. 
Unfortunately, de Leon et al do not 
report the results of chromosomal 
studies on their patient or her par- 
ents. We have reported 83 cases of 
acalossal patients with an abnormal 


_ karyotype, and recommended that 
_ patients. with even mild mental retar- 


dation be screened for chromosomal 
abnormalities.’ This would be particu- 
larly important in Apert’s syndrome 
inheritance 


JOSEPH S. JERET, MD 

Davip SERUR, MD 

KRYSTYNA WISNIEWSKI®MD, PHD 
Institute for Basic Research 
‘rin Developmental! Disabilities 
1050 Forest Hill Rd 

Staten Island, NY 10314 


1. De Leon GA, de Leon G, Grover WD, et al: 
Agenesis of the corpus callosum and limbic mal- 
formation in Apert syndrome (type I acrocepha- 
losyndactyly). Arch Neurol 1987;44:979-982. 

2. Jeret JS, Serur D, Wisniewski KE, et al: 


Clinicopathological findings associated with 
agenesis of the corpus callosum. Brain Dev 


1987;9:255-264. 

= 3. Serur D, Jeret JS, Wisniewski K: Agenesis 
of the corpus callosum: Clinical, neuroradiologi- 
cal, and cytogenetic studies. Newropediatrics 
1988;19:87-91. 
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Angiography in Pure Motor 
Hemiparesis due to 
Meningovascular Syphilis 


To the Editor.—We read with interest 
the report by Johns et al’ about pure 
motor hemiplegia (PMH) in two indi- 
viduals with meningovascular neuro- 
syphilis (MYNS), neither of whom 
had cerebral angiography. We have 
recently seen a similar individual pre- 
senting with PMH who was later 
diagnosed as having MVNS as the 
cause of his stroke, and who under- 
went cerebral angiography early in 
his clinical course. 


Report of a Case.—A 29-year-old left- 
handed man awoke two days prior to 
admission with right-sided weakness. The 
weakness gradually became worse over the 
next 48 hours, so that he had difficulty in 
walking. He had a dull, constant, general- 
ized headache that he related to a minor 
head injury incurred approximately two 
weeks earlier. The patient’s friends and 
relatives stated that he had been complain- 
ing of fatigue for six months, and that he 
had had night sweats. Two months previ- 
ously, he had been treated for a gonococcal 
infection. Occasionally, he used “recre- 
ational drugs,” including cocaine, but 
denied intravenous drug use. He denied a 
history of seizures, migraine, alcohol 
abuse, or hypertension. His family history 
included a mother with migraine, and a 
grandfather who had had a stroke. On 
examination his blood pressure was 126/70 
mm Hg; pulse, 80 beats per minute; respi- 
ration, 16 per minute; and temperature, 
37.2°C. His affect was flat and he was 
indifferent to his neurologic deficit. There 
was moderate weakness in the right face, 
arm, and leg, and the plantar responses 
were extensor bilaterally. The remainder 
of the neurologic examination was normal. 
Results of laboratory studies disclosed the 
following values: white blood cell (WBC) 
count, 8.6 X 10°/L (8600/mm:*) and erythro- 
cyte sedimentation rate, 28 mm/h. A com- 
puted tomographic scan of the head was 
normal. Laboratory analysis of the cere- 
brospinal fluid (CSF) disclosed the follow- 
ing values: red blood cells, 10 X 10°/L (10/ 
mm’); WBCs, 317 X 10°/L (317/mm*); pro- 
tein, 1.04 g/L (104 mg/dL), and glucose, 2.1 
mmol/L (87 mg/dL) (serum glucose, 5.8 

mol/L [105 mg/dL}). A cerebral angio- 
gram performed on the evening of admis- 
sion demonstrated diffuse narrowing of 
the supraclinoid portions of the internal 
carotid arteries, the first portion of the 
anterior and middle cerebral arteries 
bilaterally, the basilar artery, and the first 
segment of the posterior cerebral arteries 


(Figure). Therapy with isoniazid, rifampin, 
and ethambutol was begun empirically, 
but when his serum VDRL, serum fluores- 
cent treponemal antibody absorption, and 
CSF VDRL tests were positive, these 
modes of therapy were discontinued and he 
was treated with penicillin. A Jarisch- 
Herxheimer reaction developed after the 
first dose of penicillin, consisting of fever 
and an increase in both serum and CSF 
WBC counts. After treatment with orally 
administered prednisone, he tolerated the 
remainder of a ten-day course of intrave- 
nous penicillin G. On discharge, his mental 
status had returned to normal, and his 
right-sided weakness had improved. An 
enzyme-linked immunosorbent assay test 
for the presence of antibody to the human 
immunodeficiency virus (HIV) was nega- 
tive. All CSF cultures remained negative. 


Comment.—Once a common dis- 
ease, meningovascular syphilis has 
become uncommon in the antibiotic 
era. Now, with a rise in the incidence 
of primary syphilis, meningovascular 
syphilis may again become a common 
cause of stroke, especially in younger 
patients. Because neurosyphilis and 
other infectious causes of stroke have d 
become much less common in the anti- 
biotic era, a lumbar puncture is often 
no longer performed in many patients 
with stroke unless there is historic or 
clinical evidence that suggests a spe- 
cific diagnosis. In this case, the 
patient did not admit to being in a 
high-risk group (male homosexual) 
until the diagnosis of meningovascu- 
lar syphilis had already been made. 
Angiography, which is suggestive, but 
not diagnostic, of meningovascular 
syphilis? is often deferred or not per 
formed at all, as in the cases pre-* 
sented by Johns et al.' In the present | 
case, had neither test been performed, 
the diagnosis would have been signifi- , 
cantly delayed, or perhaps not mad 
at all. 

Recently, several reports have 
appeared describing neurosyphilis in 
patients who were previously treated 
for syphilis with penicillin in doses ~ 
that are recommended by the United < 
States Centers for Disease Control | 
(Atlanta).** In the present case, rou- | 
tine treatment for gonorrhea was 
similarly ineffective in preventing 
progression of meningovascular syph- 
ilis, as it was ineffective in patient 2! 
as described by Johns et al, who wa 
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Tom Basar artery (areow) and 3osterior cere- 
bra artenes demonstrate diffuse narrowing. 
Bottom, -eft eommor carotid injection also 
demonstrates diffuse narrowirg of supracli- 
noie internal carotid artery (arrow). 


treated with a single dose of intra- 
muscular penicillin. 

Because a large segment of the male 
homosexua! population also tests pos- 
itive fer HIV, the prodromal symp- 
toms or early dementia caused by 
neuroswphilis may be misinterpreted 
as manifestations of HIV, and not 
investigated er treated. The increase 
in both HIV and syphilis suggests 
that dual infection may become fairly 
common. 

This-case-emphasizes the need for a 
therough investigation in young 
pacients with cerebral infarction, 
even if there are no obvious risk fac- 
toms. We feel that cerebral angiogra- 
phy skould be performed early in 
order te aidin making a diagnosis and 
in initiating appropriate therapy. 

NEIL L. ROSENBERG, MD 
RICHARD L. HUGHES, MD 
Department of Neurology 
University of Colorado 
School of Medicine 


4200 E Ninth Ave 
Denver, CO 80262 
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Evoked Potentials During Multiple 
Sclerosis Therapeutic Trials 


To the Editor.—We wish to disagree 
with the negative conclusions reached 
by Anderson et al' in their report on 
the usefulness of evoked potentials 
(EPs) to test a treatment of chronic 
multiple sclerosis (MS). We think that 
they have erred in their methodology 
and interpretation. 

Some tests may have been carried 
out in ways that differ with usual 
recommendations,’ in ways that can 
reduce EP quality: eg, the visual repe- 
tition rate was faster (3/s) and some- 
times the auditory stimulus intensity 
may have been too soft (60 dB). The 
latter intensity was specified ambigu- 
ously. Common clinical experience 
with EPs should have forewarned 
these investigators about the difficul- 
ty and ambiguity in finding N14 or 
N20 in MS; a much better strategy 
would have been to study middle- 
latency somatosensory EPs where the 
peaks are unambiguous and reproduc- 
ible in almost all MS patients. Several 
important technical parameters were 
unspecified: the filter settings and the 
somatosensery repetition rate; both 
can influence EP reproducibility. 

Anderson et al used no untreated or 
historical control group against which 
to make statistical comparisons of EP 
changes. A search for gradual EP 
worsening of the group mean EP val- 
ues would seem fruitless here, since 
visual EP group mean P100 latencies 
gradually increase too slowly in an 
untreated MS patient population, at 
most 4 to 8 ms/y.** Passage of one 
year or more would be necessary to 
show reliably a worsening of the 
group mean P100 values, and yet the 


study by Anderson et al only lastedl 


three months. Improvements in group 
mean EP latency or amplitude values 
were unlikely since EPs tend to wors- 
en monotonically in MS.‘ 
Furthermore, statisticians have 
long encouraged the use of the statis- 


tically powerful parametric tech- 
niques instead of categorical methods 
whenever applicable.’ Evoked poten- 
tial latency and amplitude changes 
are continuous data well suited to 
parametric techniques. The better/ 
worse/unehanged EP scoring tech- 
nique used by Anderson et al is a 
statistically less powerful method, 
which is needlessly complicated by 
arbitrarily defined cutoff values and a 
complex decision-making protocol. 
Direct comparison of the two 
approaches in an MS therapeutic trial 
has demonstrated the superiority of 
parametric over categorical methods 
in practice.’ 

Anderson et al criticized the large 
test-retest EP variability seen for 
individual patients. But that is not 
the issue in such a study. The issue is 
what is happening to the group mean. 
In their study, the group mean was 
deteriorating, eg, visual EPs deterio- 
rated at about 8 ms/y (their Table 6). 
This is quite consistent with the pre- 
viously described P100 latency deteri- 
oration rate in untreated MS patient 
populations.** This EP deterioration 
offers some positive corroboration 
that the hyperbaric oxygen treatment 
had no effect here. It should be men- 
tioned too that such corroboration by 
EPs has been reported twice before in 
MS-hyperbaric oxygen studies.** 

We fail to see the problem with the 
lack of correspondence between EP 
changes and clinical changes. The EPs- 
are not measuring exactly what is 
measured on a physical examination 
or disability scale.*!° But that should 
increase their value! They do measure 
real, physiologic factors relevant to 
MS. Even the subportions of the func- 
tional status scales may vary with 
little correspondence among them, 
but that does not mean that. they are 
invalid measures. 

Overall, we think EPs are an objec- 
tive, sensitive, reproducible tool that 
can be of great value when tested, 
scored, and interpreted properly. Our 
own data’? and that of others" show 
that EPs can confirm therapeutic tri- 
al resufts with high degrees of statis- 
tical significance, and <an even pre- 
dict the clinical results one or more 
years in advance. If patient time is 
really at a premium, EPs could be 
limited to just one stimulus modality 
such as visual EPs. We disagree with 
the suggestion by Anderson et al that 
EPs are not helpful in an MS thera- 
peutic trial. Instead, we suggest that 
their approach to recording, scoring, 
and interpretation, and their brief 
trial duration and laek of appropriate 
controls are suboptimal. We believe 
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that these factors have led to their 
negative experience with EPs. 
Marc R. Nuwer, MD, PHD 
GEORGE W. ELLISON, MD 
LAWRENCE W. Myers, MD 
Department of Neurology 
UCLA 
Los Angeles, CA 90024 
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In Reply.—Just prior to the publica- 
tion of our article! describing experi- 
ence with evoked potentials in a 
clinical treatment trial in multiple 
sclerosis, Nuwer et al?.detailed their 
observations in another treatment 
trial. There is something to be 
learned by comparing the two. It is 
important at the onset, however, to 
understand that there were important 
differences between the two studies 
and in their results. On trial in the 
earlier study was the effectiveness of 
immunosuppressant therapies in re- 
tarding gradual deterioration in 
patients with chronic progressive 
multiple sclerosis. The study was 
planned over the long term so that 
the effects of slowing the immuno- 
pathologic process could be detected. 
Finally, the study demonstrated sig- 
nificant benefit of the program, both 
on clinical and electrophysiologic 
bases. 

Our study, on the other hand, 
sought to corroborate earlier observa- 
tions about short-term improvement 
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related to hyperbaric oxygen treat- 
ment.’ The protocol was planned to 
examine both short-term improve- 
ment in status on clinical and electro- 
physiologic grounds and long-term 
maintenance of anticipated improve- 
ments. Because the treatment group 
did no better in early assessment than 
the control group exposed to hyper- 
baric air, plans for longer-term fol- 
low-up were suspended. Hence, unlike 
the treatment tested by Nuwer et al, 
hyperbaric oxygen had no effect dif- 
ferent from placebo. 

Evoked potentials in both trials cor- 
roborated independently acquired 
clinical measures. Because the data of 
Nuwer et al were positive with respect 
to treatment effect, their article 
presents the data by treatment 
groups. Because hyperbaric oxygen 
had no apparent effect using either a 
discontinuous, ie, categoric, evoked 
potential scoring system (each study 
categorized as improved, stable, or 
deteriorated) with x? analysis or a 
parametric analysis comparing mean 
group latency changes (data available 
on request), we have combined treat- 
ment and control subjects in our pre- 
sentation. The published observations 
then pertain to the spontaneous vari- 
ability of sequential evoked potential 
data in such patients. 

Our purpose in describing our 
observations about using evoked 
potentials in a treatment trial was to 
point out pitfalls sueh as ambiguity in 
interpretation of wave forms abnor- 
mal in both latency and morphology, 
occurrence of poor reproducibility of 
wave forms, lerge test-retest variabil- 
ity of abnormal latencies, poor corre- 
spondence between evoked potential 
changes, and changes in clinical func- 
tion, as well as among evoked poten- 
tial modalities. 

Nuwer et al have dealt with these 
pitfalls in a variety of ways. They 
have focused on latency over morpho- 
logic data, including the very ‘useful 
choice of follcwing cerebral somato- 
sensory P40 rather than N20, as we 
did. They also used a “synthetic” I-V 
interpeak interval for brain-stem 
auditory evoked potentials when wave 
V was absent, emphasizing again 
latency over morphologic abnormali- 
ty. We believe that these were useful 
solutions. Interpretation of morpho- 
logic changes is more problematic in 


hat they may be mimicked by techni- 


cal difficulties. One trade-off, of 
course, is that changes reflected only 
as morphologic alteration will not be 
analyzed. 

The problem of large intersubject 
test-retest variability is dealt with by 


a parametric analysis of changes in 
group means over a long interval of 
follow-up to detect differing rates of 
progression. Using this approach, two 
of the three latency measures at issue 
differentiated treated patients from 
untreated ones at two years. This was 
true despite the fact that a separate 
analysis by which visual evoked 
potential results were elassed as bet- 
ter, worse, or unchanged failed to 
demonstrate a treatment effect. It is 
not clear that the fermer parametric 
approach would be as useful for 
assessing the effects of an acute treat- 
ment for which improvement of status 
rather than retardation of deteriora- 
tion were being sought. 

With respect to statistical options, 
it is true that nonparametric statisti- 
cal tests are less efficient than para- 
metric methods when the assump- 
tions of the parametric model are met. 
The relative efficiency depends on 
specific tests and conditions, but non- 
parametric methods might typically 
be taken to be about 80% as efficient. 
Thus, the sensitivity of a nonparamet- 
ric test using 100 subjects might yield 
results equivalent to a parametric 
mode! with only 80 subjects. But, with 
the nonparametric test, it is not nec- 
essary to rely on assumptions con- 
cerning the nature of the underlying 
distribution of the variables for the 
validity of the test. In fact, if the 
underlying distributional assump- 
tions are greatly in error, nonpara- 
metrie tests can be much more effi- 
cient than parametric ones. 

We should note that it is rare for 
appropriately applied parametric and 
nonparametric tests to differ as 
greatly in their conelusions as they 
did in the study by Nuwer et al. They 
may have encountered a very unusual 
data set, but a difference in signifi- 
cance of the order reported suggests 
computational error. 

Finally, Nuwer et al have dealt with 
lack of correspondence between 
evoked potential and clinical mea- 
sures by taking the pesition that they 
test different things. Ultimately, of 
course, it is important that electro- 
physiologic changes reflect functional 
changes. Patients are not really inter- 
ested in having their evoked poten- 
tials improved. In this regard, these 
investigators provide data about three 
of the four clinical scales they used to 
follow their patients. Only one of 
these scales showed a difference 
between treatment and control group 
at three years. 

In summary, we believe we have 
identified conditions that must be 
dealt with in using evoked potentials 


Letters to the Editor 


> E< 


re 


in a reatment trial of multiple sclero- 
sis. \uwer et al have dealt with some 
of these conditions in a positive clini- 
eal trial that was significantly differ- 


ent “nan ours. 
Davip C. ANDERSON, MD 
ROBERT SHERMAN, FHD 
Department of Neurology 
Hennepin County Medical Center 
701 Park Ave S 
Minneapolis, MN 55414 
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Plasma Physostigmine 
Concentrations After Controlled- 
Release Oral Administration 


To the Bditor.—Tne development of 
an =ffeetive agent to increase brain 
levels of acetylcholine in patients with 
the memory disorder of Alzheimer’s 
disease, who are known to be deficient 
in brair acetylehcline, is of utmost 
importance. Clinical trials with 
immediate-release physostigmine sa- 
licylate, which inhibits enzymatic 
degradation of acetylcholine, have 
been reported to be beneficial,'* equiv- 
eca or negative’ in Alzhzimer’s dis- 
ease Immediate-release physostig- 
mime salicylate has an extremely 
short plasma half-life of approxi- 
mazely 30 minutes, which limits 
bioavailability of physostigmine for 
uptake into the brain. Many of the re- 


ported studies failed to monitor the 
bioavailability of this compound. The 
development of a controlled-release 
formulation of physostigmine with 
determination of bioavailability is 
clearly needed. We report the develop- 
ment of such a preparation. 


Subjects and Methods.—Five healthy 
male volunteers ingested the following 
four preparations of physostigmine salicy- 
late (Forest Laboratories Inc, New York) 
at weekly intervals: 2 mg of an immediate- 
release preparation and 9, 12, and 15 mg of 
a controlled-release preparation. Serial 
blood samples (10 mL) were collected and 
transferred to tubes containing 15 mg of 
disodium ethylenediaminetetraacetate, 
and 50 ug of neostigmine bromide. The 
separated plasma was mixed with 70% 
perchloric acid, and the precipitated pro- 
teins were removed by centrifugation. Phy- 
sostigmine concentrations were deter- 
mined by high-performance liquid chroma- 
tography, as described previously.° 

Ingestion of 2 mg of immediate-release 
physostigmine salicylate resulted in mean 
peak plasma levels of 0.5 ng/mL, with 
disappearance of drug over the next 45 
minutes (Figure). The plasma half-life was 
estimated at 20 to 25 minutes. Ingestion of 
9 mg of controlled-release physostigmine 
salicylate resulted in plasma concentra- 
tions of approximately 0.5 to 0.7 ng/mL 
between two and seven hours after inges- 
tion. Following ingestion of a 12-mg con- 
trolled-release tablet, plasma physostig- 
mine concentrations peaked at 1.6 ng/mL 
and remained elevated for six hours. With 
ingestion of a 15-mg controlled-release 
physostigmine salicylate tablet, mean 
plasma levels peaked at 2.4 ng/mL and 
then fell steadily between four and seven 
hours after ingestion. All three controlled- 
release preparations produced measurable 
plasma physostigmine levels that lasted 
for approximately seven hours. 

One of five subjects developed mild 


Mee plasma physostigmine concentrations in five young healthy male volunteers after oral 
ohysestignine salicylate admin-stration: closed circles indicate 2-mg immediate-release physo- 
stigmine salicylate; opea circles, 9-mg controlled-release (CR) physostigmine salicylate; open 
rectangle 12-mg GR physostigmine salicylate; and open triangle, 15-mg CR physostigmine 
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cramps and sweating for 20 minutes 2% 
hours after ingesting the 9-mg dose. Three 
subjects developed nausea, cramps, and 
sweating after ingestion of the 12-mg tab- 
let; all three had plasma drug concentra- 
tions exceeding 1.5 ng/mL at the time the 
side effects occurred. Three subjects again 
developed nausea, sweating, or emesis 
after ingesting 15 mg of drug when plasma 
concentrations approached 2 ng/mL. 


Comment.— Although plasma levels 
varied in different subjects receiving 
the same dose of physostigmine, the 
development of a variety of different 
dosage forms, along with a reliable 
method for measuring plasma physo- 
stigmine concentration, should enable 
clinicians to induce sustained plasma 
physostigmine concentrations in vir- 
tually any patient without the in- 
duction of unwanted side effects. 
Such controlled-release preparations 
should prove invaluable for the clini- 
cal testing of orally administered phy- 
sostigmine treatment in Alzheimer’s 
disease. 

LEON J. THAL, MD 
Department of Neurology 
and Research Service 
San Diego Veterans Administration 


Medical Center 
San Diego, CA 92161 
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The physostigmine salicylate used in this 
investigation was supplied by Forest Laborato- 
ries Inc, New York. 
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Pharmacokinetics of Valproate in 
Adults After a Single Loading Dose 


To the Editor.—We read with interest 
the article by Rosenfeld et al’ concern- 


ing valproic acid loading during inten- 
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sive monitoring. We published an 
article about this interesting prob- 
lem,’ reporting our pharmocologic 
experience with a single loading dose 
of valproate sodium. The study popu- 
lation consisted of five nonepileptic 
inpatients who received a single load- 
ing dose of 20 mg/kg of a solution of 
valproate sodium, first orally and 
then, five days later, rectally. Blood 
levels were measured more often than 
in the study by Rosenfeld and cowork- 
ers, ie, 10, 30, 60, and 120 minutes and 
24 hours after administration. We 
observed that maximal concentration 
was higher after oral administration 
(105 mg/L) than after rectal adminis- 
tration (70 mg/L); the time to achieve 
serum concentrations of the drug 
greater than 50 mg/L was shorter 
orally (18 minutes) than rectally (58 
minutes). For both types of adminis- 
tration, there were no variations in 
serum levels of the drug, which 
remained over 50 mg/L, from 30 


minutes to 24 hours after a single 
- administration. There was no differ- 


ence between the two methods of 
administration in the time to achieve 
maximal concentration (72 minutes). 
With our numerous blood level mea- 
surements, we have demonstrated 
that a single loading dose of 20 mg/kg 
of valproate sodium in solution yields 
serum levels greater than 50 mg/L in 
less than one hour and for a period of 
nearly 24 hours. Beyond that time, 
oral administration is better than rec- 
tal administration. These pharmaco- 
kinetic features allow us to use this 
procedure to administer at least 20 
mg/kg of the medication to prevent 


status epilepticus during withdrawal 


of antiepileptic drug therapy or even 
to treat severe epileptic fits that do 
not respond to therapy with other 
antiepileptic drugs. 
M. GIROUD, MD 
R. Dumas, MD 
Service de Neurologie 
Hôpital Général 
3 rue du FB Raines 
21000 Dijon, France 
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Magnetic Resonance Imaging 
in Moyamoya Disease 


To the Editor.—I wish to congratulate 
Bruno and colleagues! on their excel- 
lent study of magnetic resonance 


_ imaging (MRI) in young adults with 


cerebral infarction due to moyamoya 
disease. I would like to add to their 
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discussion by interjecting a note of 
caution about the nonspecificity of 
MRI in this condition. 

We reported the first use of MRI in 
moyamoya disease’ in a patient ini- 
tially thought to have multiple sclero- 
sis (MS). Our patient, like most of 
those in the article by Bruno et al, was 
a young woman with fluctuating neu- 
rologic findings in whom the MRI 
showed multifocal bilateral areas of 
increased signal intensity ranging in 
size from 2 mm to 3 cm, with an 
appearance identical to that of MS 
plaques. Unlike their patients, her 
lesions were not concentrated in 
watershed areas, nor was the middle 
eerebral artery signal-void flow sign 
absent. Our patient also had abnor- 
mal brain-stem auditory evoked 
responses and elevated cerebrospinal 
fluid immunoglobulin levels, both of 
which have been reported in moya- 
moya disease.’ It was only the “inferi- 
or” imaging technique of the com- 
puted tomographic scan that suggest- 
ed the true diagnosis by showing more 
clearly the ischemic nature of the 
lesions and demonstrating the abnor- 
mally enhancing blood vessels, which 
could not be seen on MRI. The MRI 
differentiation of these two conditions 
is further hampered by the fact that 
the middle cerebral artery signal-void 
regions in the basal ganglia of 
patients with moyamoya can be mim- 
icked by the decreased signal in the 
basal ganglia of patients with MS that 
is apparently due to excessive iron 
deposition.‘ 

The sequential appearance of multi- 
focal subcortical deficits in a young 
person is more likely to suggest embo- 
li, MS, or other conditions less rare 
than moyamoya syndrome. Magnetic 
resonance imaging may only add to 
this confusion, since many radiolo- 
gists would have difficulty distin- 
guishing MRI changes of moyamoya 
from those of MS, even on some of the 
scans reproduced by Bruno et ai. 

Far from criticizing the authors, 
who have added considerably to our 
understanding of this fascinating dis- 
ease, I would simply like to add the 
cautionary statement that none of the 
MRI changes they describe (and 
which we did not find in our patient) 
are sufficiently distinctive to differ- 
entiate moyamoya disease from the 
multiplicity of other conditions that 

ne cause “unidentified bright ob- 


jects” on MRI. 
LOREN A. ROLAK, MD 
Baylor Multiple Sclerosis Clinic 
Department of Neurology 
Baylor College of Medicine 
Texas Medical Center 
HRouston, TX 77030 
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2. Rolak LA, Rokey R: Magnetic resonance 
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1986;1:67-70. 

3. Iivanainen M, Vuolio M, Halonen V- Ocelu- 
sive disease of intracranial main arteries with 
collateral networks (moyamoya disease) in 
adults. Acta Neurol Scand 1973;49:307-322. 

4. Drayer BP, Burger P, Hurwitz B. et al: 
Magnetic resonance imaging in multiple sclero- 
sis: Decreased signal in thalamus and putamen. 
Ann Neurol 1987-:22:546-550. 


Talking to Comatose Patients 


To the Editor.—In “Talking to Coma- 
tose Patients,” La Puma et al recog- 
nize the fundamental need of respect 
for the helpless. The authors also 
underline the need to “affirm our own 
humanity” regardless of how busy the 
physician’s schedule, and no matter 
what may be the degree of responsive- 
ness of the patient. Finally, the article 
underlines that “some comatose 
patients may recover.” 

Unfortunately, the topic of the arti- 
cle does not allow the authors to 
address all aspects of coma manage- 
ment briefly alluded to in their quote 
of our report in Lancet.‘ In the past 
ten years, our experience with over 
600 patients in acute or prolonged 
comas supports the conclusions of La 
Puma et al, and carries the concept of 
“talking to the comatose patient” a 
step further; if auditory input may be 
beneficial, then why not also provide 
visual or tactile input? Why not stim- 
ulate all five sensory functions? Why 
not provide adequate physical therapy 
and address nutritional and medical 
requirements in a timely and judicial 
manner? 

It is our belief that an intensified, 
prolonged, and well-organized multi- 
system approach can enhance the 
arousal and the recovery of many 
comatose patients who would other- 
wise vegetate in long-term care facili- 
ties, meeting the “self-fulfilling 
prophecies” of not talking, not attend- 
ing to changing nutritional require- 
ments, and not providing sufficient 


therapy.’ 
Mrinal D. DIMANCEscuU, MD 
Rosin B. GRASS, RN, MA 
EDWARD W. WEBB, MS, CCC 
International Coma Reeovery Institute 
249A Drexel Ave 
Westbury, NY 11590 
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2. LeWinn EB, Dimancescu MD: Environmen- 
tal deprivation and enrichment in coma. Lancet 
1978;2:156-157. 

3. Dimancescu MD: Coma recovery, in LeWinn 
EB (ed): Coma Arousal New Yorx, Doubleday & 
Co Inc, 1985. 
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WEST PALM BEACH () 


529 25th Street 


MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


“Medern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 
FEBRUARY 23-24-25 
MARCH 9-10-11 
APRIL 73-14-15 ° 2728-29 
WORKSHOPS: The workshops are held each day from 7:00 a.m. 
fo 100 pm. They will emphasize a series of structured exercises, 
utilizing appropriate animal bones, bioplastics and biometals. 
NEUROSURGEONS—dissection skills for bonework of the cranium 
and spie, including attention to bioplastics and biometals ap- 
plicable to neurosurcery. 
OR PERSONNEL—dissection skills to become familiar with the appli- 
cations of power imstmumentation; discussion of and participation in 
probiem solvifg, cars, and proper mainte- % 
nance of power equipment. 
AREA ATTRACTIONS: 
SPECTATOR SPORTs—Baseball, Jai Alai, 
Greyhound Racing, Polo, Golf, Tennis, į 
Sailing. * 
PARTICIPANT SPOFTS—Gol,, tennis, swim- < 
ming, sa ling, racquetball. © 
SIGHTSEEING—Lior Country Safari, White- 
hall (Hemry Flagler mansion) Hibel Museum 
of Art, Science Museum, Morikami Museum, 
Norton Art Gallery, Society of the Four Arts. 
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Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
MAY 8-9-10 © 22-23-24 
JUNE 8-9-10 © 19-20-21 
JULY 10-11-12 © 20-21-22 


OR PERSONNEL SYMPOSIUM (ORP 700) 
Symposium for OR Personnel only: 
JUNE 546-7 


SHOPPING—In the old world style is Worth Avenue with some of 
the best boutiques in the world and many other malls and stores 
throughout Palm Beach County. 

DINING—There are 2,000 restaurants to choose from in the area 
with many Coasting 5 star ratings. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 

(with letter from Department Head); All Operating Room Personnel 
(RN/ORT/PA/Other) $250.00. Make check to “Palm Beach Sym- 

posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 

Texas 76111. 

Phone: 800-433-7639 or 817-831-2604. 


"Join the more than 7,000 enrollees who have completed Midas Rex Hands- 
On Workshops. 
Surgeons; 1,450 Neurosurgeons; 2,000 


(3, 600 Orthopaedic a 
a 


OR Personnel) 
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Photo Credit: West Palm Beach Ccnvention and Tourism Bureau 


FARLODEL' prescripitens generate donations a 
to patient support groups. a 
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“Modern Dissection ‘aoee of Bona: 
Biometals, Bioceramics, and Bioplastics” 
(NEURO 700)* 

(Plastic, ENT, Craniofacial and Maxillofacial 

surgeons may attend this conference) Á 
Course Directors: 
John M. Tew, Jr., M.D. 
Susan Mitchell, Ed.D. 
Lee Sobania, Ph.D. 


A Neurosurgical Symposium/Hands-On Workshop 
A June 21-22-23, 1989 
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CO- o-sponsored | by 
The Department of Neurosurgery 
UNIVERSITY OF CINCINNATI MEDICAL CENTER 
in affiliation with 
GOOD SAMARITAN HOSPITAL 
CHRIST HOSPITAL 
MAYFIELD NEUROLOGICAL INSTITUTE 
and 
MIDAS REX® INSTITUTE 


SYMPOSIUM FORMAT 


WORKSHOPS: The Midas Rex Hands-On Workshops will be 


held each day from 7:30 am to 1:30 pm. The workshop will em- 
phasize a series of hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, bioplastics and biometals for 
dissection in the cranium and spine. Methylmethacrylate and 
biometals, as they are related to neurosurgery will also be 
considered. Guest lecturers will present clinical aspects of 
spinal and cranial procedures and video tapes of clinical pro- 

cedures will be available. 
CREDITS: C.M.E. credit available. 


ACCOMMODATIONS: The Westin Hotel at Fountain Square, 
Cincinnati, Ohio 45202-3160. Phone: (513) 621-7700 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/ORT/ PA/Other) $250.00. Make check to “Cincin- 
nati Symposium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, Texas 76111. Phone: 800-433-7639 or 

817-831-2604. 


*There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time ina separate room. Hospitality and some 
lectures will be combined. 
Join the more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. (3,600 Orthopaedic Surgeons; 1,450 
Neurosurgeons; 2,000 OR Personnel) 


What will you tell 
her about screening 
mammography? 


‘Many of your patients will hear about 
screening mammography through a pro- 
gram launched by the American Cancer 
Society and the American College of Radi- 
ology, and they may come to you with 
questions. What will you tell them? 

We hope you'll encourage them to 
have a screening mammegram, because 
that, along with your regular breast exam- 
inations and their monthly self examina- 
tions, offers the best chance of early detec- 
tion of breast cancer, a disease which will 
strike one woman in 10. 

If you have questions about breast 
cancer detection for asymptoffatic 
women, please contact us. 


AMERICAN 
CANCER 
SOCIETY” 


National Headquarters 
90 Park Avenue 


or your local society 


Screening Mammo 


Professional Education Dept, 


New York, New York 10016 


ography | 
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Women with No Symptoms 


Age: 

35-39 Baseline 
46-43 Every 1-2 years 
50&up Every year 


189] Preston White Drive 
Reston, Virginia 22091 
(703) 648-8909 


LY American 
BACH College of 
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Three-way relief 
of tension headache 


1. Alleviates headache pain 
2. Reduces anxiety 


3. Relieves muscle tension 


FIORICET 


(Each tablet contains: butalbital 50 mg [Warning: May be habit-forming]; acetaminophen 325 mg; and caffeine 40 mg) 


ASPIRIN-FREE TABLETS 


Relieves the entire pain/anxiety/tension syndrome 
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For full prescribing information, please see following page. 
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“The technological advantage of the Midas 
Rex instrumentation provided the capab lity 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner wit a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation.” — T.B., M.D 
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(Each tablet contains: butalbital 50 mg [Warning: May be habit- 
forming); acetaminophen 325 mg; and caffeine 40 mg) 





DESCRIPTION 

Each Fioricet® tablet for oral administration contains: butalbital, USP, 50 mg (Warning: May be habit forming}, acetaminophen. USP. 
325 mg; caffeine, USP. 40 mg 

Butalbital, 5-allyl-5-isobuty!-barbituric acid, a white odorless crystalline powder, is a short- to intermediale-acting barbiturate. Its molecular | 
weight is 224.26 and its empirical formula is CHNO; 

Active Ingredients: acetaminophen, USP. butalbital, USP. and caffeine, USP 

Inactive Ingredients: crospovidone, FD&C Blue #1, magnesium stearate, microcrystalline cellulose, povidone, pregelatinizec starch, 
and stearic acid e 
ACTIONS 

Pharmacologically, Fioricet® combines the analgesic properties of acetaminophen-caffeine with the anxiolytic and muscle ‘elaxant 
properties of butalbital 


Fioricet® is indicated for the relief of the symptom complex of tension (or muscle contraction) headache 


CONTRAINDICATIONS 
Hypersensitivity to acetaminophen, caffeine or barbiturates. Patients with porphyria 


General: Barbiturates should be administered with caution, if at all, to patients who are mentally depressed, have suicidal tencencies, 

or a history of drug abuse. 
Elderly or debilitated patients may react to barbiturates with marked excitement, depression, and contusion. In some persons, barbiturates 

repeatedly produce excitement rather than depression 

Information for the Patient: Practitioners should give the following information and instructions to patients receiving barbiturates 

1. The use of barbiturates carries with it an associated risk of psychological and/or physical dependence. The patient should be warned 
against increasing the dose of the drug without consulting a physician e e 
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alcohol, narcotics, tranquilizers, and antihistamines) may result in additional CNS depressant effects 

it bo Drug Interactions: Patients receiving narcotic analgesics, antipsychotics, antianxiety agents, or other CNS depressants (including aicaho!) 800-433-7080 © (Texas) 817-831-4181 
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Drugs Effect 
Butalbital w/coumarin anticoagulants Decreased effect of anticoagulant because of increased metabolism resulting from enzwme 
induction. 





Butalbital w/tncyclic antidepressants Decreased blood levels of the antidepressant 
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or females, has teratogenic potential or has other adverse effects on the fetus There are no well-controlled studies in pregnant women 
Although there is no clearly defined risk, one cannot exclude the possibility of infrequent or subtle damage to the human fetus. Fioricet® 
should be used in pregnant women only when clearly needed 

Nursing Mothers: The effects of Fioricet® on infants of nursing mothers are not known. Barbiturates are excreted in the breast milk 
of nursing mothers. The serum levels in infants are believed to be insignificant with therapeutic doses administered to the mother 
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for patients with a known propensity for taking excessive.quantities of drugs, which is not uncommon in patients with chronic tension 
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3. If the patient is conscious and has not lost the gag reflex, emesis may be induced with ipecac. Care should be taken to prevent 
pulmonary aspiration of vomitus. After completion of vomiting, 30 grams activated charcoal in a glass of water may be administered 
4. Il emesis is contraindicated, gastric lavage may be performed with a cuffed endotracheal tube in place with the patient in the face- 
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antidote. 

In adults, hepatic toxicity has rarely been reported with acute overdoses of less than 10 grams and fatalities with less than 15 grams 
Importantly young children seem to be more resistant than adults to the hepatotoxic effect of an acetammophen overdose 
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HOW SUPPLIED 
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Special! Article 
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Training of the Neurologist for the 21st Century 


Willim M. Laadau, MD 


he worst əst of the new-fangled 

modes of computerized literature 
search is the Jest pleasure of literacy, 
browsing. By the eld-fashioned pro- 
cessof turning tattered pages, I came 
upom a SPSCIAL ARTICLE entitled 
“Training of the Neurologist,” by F. 
M. EÈ. Walshe. MD. FRCP, in the 1933 
volume of the Archives of Neurology 
and Psychiawy. When I suggested to 
the chief ediwr that its republication 
would displey to modern readers a 
persuasive ard better written product 
tham any curvent offering, he excepted 
only his ewn editorials. He was skep- 
tica as to wether it is possible any 
longer even w housebreak, much less 
tram a neursiogist, but he did invite 
me o write an article and to “quote 
[Wa’she]-extensively.” 

Walshe’s persuasive Shavian 
rhesoric demenstrates the inevitable 
risk of educating an Irishman to spell 
and write English. (Homologous 
proad afflicioms of leadership in 
American Neurology are professors 
Joseph M. Foley, MD, and Robert J. 
Joyat, MD, PhD. The most concise 
[bu unprinteble| statement about the 
subgect of this article was the 
responseof x7ynt toa medical student 
whe asked hew it might be possible to 
practice nerrology without a com- 
puted tomographic scanner.) The cen- 
terniece of Sir Francis Walshe’s 
demonology was a nameless neurosur- 
gean whe adwocated ventriculography 
forthe cefim tive neurologic diagnosis 
of all comers. The modern pertinence 
of kis polem e is sustained by the lists 
of Neuro-Gimmiclry billing skills 
that are sought im today’s want ads 


Aseepted for oublication Sept 19, 1988. 

From the Derartment of Neurology and Neu- 
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verssty School < Medicine, St Louis. 
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for neurology practitioners; the Ene- 
my Now Is Us. Perhaps the proof of 
the Walshe argument must await sta- 
tistical analysis of the cost-effective- 
ness of what is now called a cognitive 
interaction. But those who observed 
the downright efficiency of Walshe’s 
own gentle historical data collection 
from, and examination of a patient 
will not wait for the chi square statis- 
tics: 

I regard this discipline [of bedside observa- 
tion and study] as the basis of a neurologic 
training, and its ancient banner I propose 
to raise. It has been said that while new 
mechanical contrivances and chemical pro- 
cesses have transformed military tactics, 
they have not and cannot displace the 
infantryman from his primacy of peril and 
importance in the wars of the future. So I 
believe that while technical methods of 
investigation and experimental studies 
have now to be included in the essentials of 
a complete neurologic training, clinical 
observation remains the foundation of 
neurologic medicine, and on it all else must 
be built. Only the adequately trained clini- 
cal observer can evaluate the relationship 
of the results of laboratory and other 
technical methods of investigation to the 
symptoms of disease presented by the indi- 
vidual patient, for it is the individual that 
is the material of our study, be it remem- 
bered, and not an abstract thing called 
disease. 


None will dispute that a neurologic train- 
ing can be no more than a superstructure 
on a sound general medical education, and 
for this reason the practice of some schools 
of permitting the student to substitute 
some part of his general clinical training 
by special courses in a particular branch of 
medicine in which he proposes later to 
specialize seems to me an unsound 
one. ... By the time he is ready to take his 
medical degree, the student should be able 
to find his way about any ordinary clinical 
problem, to elicit the signs of disease*and 
to discuss their significance... 6further, 
even the student who has avoided the peril 
of precocious specialization may yet suc- 
cumb to it after graduation if he does not 
make it his first business to serve a term of 
duty as a house physician or intern to a 
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general physician or to a general medical 
unit. In this way he amplifies and reen- 
forces his preliminary training, becomes 
familiar with the handling and care of 
patients and learns something of the natu- 
ral history of disease....Since morbid 
processes remote rom the nervous system 
are capable of producing disorders of func- 
tion in that system, disorders that may 
dominate the clinical picture, the neurolo- 
gist must be competent to deal with a much 
wider range of problems than are com- 
prised by primary disorders of the nervous 
system. 


The devoting of an extra year to biologic 
studies is an exce_lent preparation for the 
student who desires later to become a 
neurologist. There are, af course, dangers 
in taking such a course, for not a few 
students, fascinated by physiologic work, 
linger too long in the laboratory and on 
emerging are found to display a strange 
incapacity to adapt themselves to the very 
different discipline of clinical study. Oth- 
ers, again, imagine that in some incompre- 
hensible way laboratory studies fit them to 
step full-armed irto clinical work without 
serving any apprenticeship. This is a falla- 
cious idea, for even though the student has 
given his whole time to the study of the 
nervous system, he still remains, ignorant 
of the technic of clinical work, and even of 
the nature of clinical problems. ... Alas! 
One cannot become a neurologist in a 
summer vacation....The aspects of neu- 
rology to be studied may be tabulated as 
follows: (1) anatomy and physiology, (2) 
psychology, (3) clinical study and (4) 
pathology. 

Havingggained his footing in the clinic or 
hospital, there are various methods by 
which the student may seek to obtain the 
requisite knowledge and experience. Un- 
questionably, the most important of these 
is the careful routine examination of 
patients at the bedside, and also the sys- 
tematic and detailed recording on paper of 
what is found at this examina- 
tion.... There are good and bad methods 
of case note-taking, and from the first the 
student should be trained in a good meth- 
od. An eminently bad one is that in whicha 
physical sign is not recorded in plain 
terms, but by giving the name of the writer 
who first described it, followed by a plus or 
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minus sign.Sometimes, indeed, a long list 
of such names, each with its mathematical 
sign, takes the place of a straightforward 
statement. This method tends to make the 
student regard physical signs as mysteri- 
ous phenomena sent down by a beneficent 
Providence to aid him to a diagnosis, and 
prevents him from regarding them as 
manifestations of disordered function, 
each of which has a significance. In short, 
the practice degrades clinical recording to 
the level of a rule-of-thumb ritual. Still 
another modern evil is the reckless coining 
and employment of new words of classic 
derivation in place of terse descriptive 
terms. A patient no longer “moves slowly,” 
but he “presents bradykinesis.” A scientif- 
ic nomenclature is a necessity, but the 
extravagant use of these cacophonies is 
fast rendering neurologic writings wholly 
unintelligible to workers in other branches 
of medicine—surely a result that has noth- 
ing to commend it. In short, the student 
must be taught that the careful and intel- 
ligible recording of his observations is one 
of the most potent influences in his train- 
ing. 

Attendance at lectures and demonstra- 
tions and—as a spectator—at clinics can 
take only a second place in the training of 
the neurologist, and the chief value of 
these lies, not in the facts of information 
acquired, but in the insight which the 
student gains into the method of approach 
and into the sequence of observation and 
inference of the experienced neurologist. 
Unfortunately for this end, the student is 
apt to prefer the histrionic style of clinical 
teacher in whose hands diagnosis becomes 
a mysterious affair.of signs and wonders 
only to be interpreted by the inimitable 
flashes of the teacher’s genius, while the 
“spot diagnosis” becomes the acme of clev- 
erness. These are meretricious attractions 
that do not teach the student how to work 
out clinical problems for himself. 


No specific reference has so far been made 
to laboratory and other technical methods 
of investigation, but it is clear that a 
knowledge of when to employ them and of 
how to interpret their results is an integral 
part of -q neurologic training. Many of 
these methods should be within the compe- 
tence of the clinician himself. . . . [But] it is 
necessary to emphasize the importance of 
training the student to make a thorough 
clinical examination at the bedside and, 
with his teacher, to come to as definite a 
diagnosis as the facts allow before having 
recourse to accessory methods of diagno- 
sis... . Except on these terms, it is Impossi- 
ble to become a-sound and reliable clini- 
cian, and unless he is this, the student 
cannot evaluate the results of these acces- 
sory methods. On the contrary, his opin- 
ions will always be led captive by this or 
that device of the laboratory....Here, a 
quotation from Flexner’s monograph”! may 
not be inappropriate: 


“There is a widespread impression that the 
scientific quality of medical education and 
practice is in some fashion dependent upon 
the part played by the laboratory. This is 
not the case. Science is essentially a matter 
of observation, inference, verification and 
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generalization....Not only is the part 
played by the active senses the essential 
criterion of science; one may go further— 
the vast and complicated paraphernalia of 
science are merely means of extending 
their scope.” 


In brief, there is no mechanical substitute 
for the use of a trained intelligence. ...The 
truth is that it is the clinician’s business to 
be the master of all available weapons, and 
to know the use and the proper occasions of 
each but not to be the slave of any one of 
them. 


The Psychoneuroses.—No special refer- 
ence has been made to the study of the 
psychoneuroses, and indeed I have deliber- 
ately refrained from discussing the contro- 
versial theoretical issues involved. None 
but the boldest would venture to offer 
advice as to which of the “seven and twen- 
ty jarring sects” of the new psychology the 
neurologist should offer that intellectual 
submission they appear to require of him. 
To choose between them is to invoke the 
wrath of the remaining claimants to pon- 
tifical status, while to advise the student to 
use his reason and take from each school of 
thought what it has of truth is to call down 
thunder from them all. It may not, howev- 
er, be superfluous to remark that a prima- 
ry function of the neurologist is to recog- 
nize a psychoneurosis when he meets it, 
and to be able to differentiate it from the 
syndromes of structural disease. Unless he 
can do this, the profoundest erudition and 
the most enlightened views on the genesis 
and treatment of the psychoneuroses are 
but a barren academic attainment. It 
would be unnecessary to make this trite 
observation were it not that many enthusi- 
astic psychotherapists ignore the truth 
that underlies it. Yet clearly, the discipline 
of a sound clinical training is as essential 
to the rational practice of psychotherapy 
as to that of neurosurgery. In this respect, 
the two are in one category. On the other 
hand, it is not to be supposed that in 
acquiring the skill to recognize the psycho- 
neuroses, the neurolegist has done all they 
demand of him. They provide one of the 
most exacting aspects of neurologic prac- 
tice, calling for every resource of psycho- 
logic knowledge, for common sense and 
insight, and for clinical acumen. In the 
past neurologists have been too cavalier in 
their treatment of this problem, and it is 
perhaps the function of the trained neurol- 
ogist in the future to import reason and the 
scientific outlook into a field that has for 
too long been the happy hunting ground of 
the half-trained enthusiast. 


Pathology.— . .. If neurologists are to keep 
pace with the genera! tide of advance in 
medicine, their outlook will have to be 
broader than in the past. and their knowl- 
edge wider. They cannot hope to be experts 
in every branch of scientific endeavor, but 
Wp need to be sufficiently in touch with 
other branches to know when to invoke the 
aid of tl biochemist, the physicist and so 
on.... Whatever time it may be decided to 
spend in the laboratory, and in whatever 
mode of investigation, must not be at the 
expense of clinical training. It would be an 
unhappy day for the future of neurology if 
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the notion got abroad that the path of 
academic advancement lay through the 
laboratory and not also—and imperative- 
ly—through the clinie. 


Anatomy and Physiology.—...For the 
student of neurology, the use of textbooks 
and diagrams can be no more than an aid 
to the study of anatomy by dissection and 
the examination of serial sections by the 
microscope. The exclusive study of -dia- 
grams and atlases leads to a highly artifi- 
cial and conventionalized conception of 
structure, and still more of function. Thus, 
in the analysis of such disorders of func- 
tion as athetosis, tremor and the like, there 
is a widespread tendency to “invent” phys- 
iologic pathways in the nervous system by 
the mere stringing together in a list of 
contiguous tracts, as they are displayed in 
diagrams. In this easy fashion, hypotheti- 
cal nervous impulses are sent on cireuitous 
journeys along tracts that may or may not 
act as the links in a physiologic chain, and 
this often for no better reason than that in 
diagrams such linkages appear possible. 


Walshe’s enthusiastic peroration 
reflects the Temptation of the True 
Believer: 


Neurology makes a strong appeal to nen of 
many interests and diverse temperaments. 
The man with a flair for clinical medicine 
will find no branch of the subject that 
offers him more fascinating exercises; for 
the pathologist, the nervous system is a 
rich mine of problems awaiting discovery 
and solution; for the biochemist, it offers a 
new world scarcely yet explored, while for 
the experimental physiologist, it has been 
the scene of some of his greatest triumphs. 
Perhaps it is the clinical neurologist who 
can partake most fully of the intellectual 
opportunities and satisfactions thet the 
study of the nervous system in health and 
disease affords, and this in addition to the 
gratification he may obtain in the right 
exercise of his vocation as a physician and 
servant of the community. But if he is to 
rise to the height of his opportunity and to 
attain to the summit of these satisfactions, 
he must serve a hard and long apprentice- 
ship. This brings me back to the proposi- 
tion with which I started; namely, that a 
sound training in clinical neurology is the 
foundation of a neurologic education. This 
is as true for the neurologist who preposes 
to devote himself mainly to the surgical 
treatment of such nervous maladies as 
require it, as for the pure physician. How- 
ever wide and deep may be the individual’s 
knowledge of the anatemy, physiology or 
pathology of the nervous system, however 
cunning his hand and judgment in surgical 
technic, he is not and cannot become a 
neurologist in the full sense of this word 
until he is conversant with the phenomena 
and natural history of diseases o? the 
nervous system and is the master of the 
clinical method. 
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Original Contributions 


The Fate of World War II Veterans 
With Posttraumatic Seizures 


A. Earl Walker, MD, Dietrich Blumer, MD 


@ Of 244 men who, as the result of a 
bran wound sustained in World War Il, 
hac nad one er more convulsive seizures, 
10° have died. Except for men who suc- 
cumbed in the first decade of complica- 
tios of the wounding—infection, sys- 
temic or mental disease, status epilepti- 
cus, etc—the cause of death was similar 
to that of men of similar age in the general 
posulation. Of the men whose status is 
knewn, 74% have had no unconscious 
attcks in the past ten years or in the ten 
years before their death. The absence of 
sezures is not related to the continued 
ineestien of anticonvulsant medication. 
Agprox mately 25% of the men have had 
varying degrees of mental deterioration. 
The death rate of men with posttraumatic 
epilepsy is higher than that of normal 
men. Wounds of the right cerebral hemi- 
sphere seem to sherten the life span more 
then similar injures of the left hemi- 
sphere. 

(Arch Neuro! 1989;46:23-26) 


n the later days of World War II, 

soldiers who had suffered head 
wounds earlier were beginning to 
cevelop convulsive seizures in increas- 
iag numbers. To provide specialized 
treatment for these unfortunate men, 
te US Army Medical Department 
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established a posttraumatic epilepsy 
center at Cushing General Hospital in 
Framingham, Mass, in the fall of 
1945.' To this hospital, army person- 
nel suffering from seizures as the 
result of head wounds were trans- 
ferred from other hospitals for spe- 
cialized investigation and treatment 
before discharge. This is a report of 
the current status of 244 men with 
verified brain injuries who, develop- 
ing epileptic seizures, were admitted 
to this specialized unit and screened 
by a detailed history, neurological 
examination, skull roentgenograms, 
electroencephalograms, and psycho- 
metric tests. All were given a trial of 
one or both of the commonly used 
drugs at the time, phenobarbital and 
diphenylhydantoin (usually adminis- 
tered in 60- or 100-mg doses three 
times a day; if attacks continued, the 
two drugs were combined) for some 
months. Thirty-six men did not 
respond to this medical management 
and had particularly severe brain 
injuries (as attested to by the fact 
that 62% were hemiparetic whereas 
in unseleeted men suffering from 
posttraumatic epilepsy, the incidence 
of hemiparesis was 50% and in head- 
injured men in general, less than 
30%); these 36 men had surgical pro- 
cedures that varied, depending on the 
nature and extent of the cerebral 
wound, from a small cortical resection 
of an epileptogenic focus to a lobecto- 
my extending into a dilated ventricu- 
lar pouch. 


SUBJECTS AND METHODS 


This study was designed to determine 
the life history of men who had suffered 
head injuries in war and as a result had 
incurred one or more epileptic seizures. 


The source of the material does bias the 
findings to some extent since men with a 
solitary seizure shortly after wounding 
and men who developed epilepsy two or 
more years after the injury would probably 
not be included in the sample. Moreover, 
the population of nonepileptic head- 
injured men is unknown. For these rea- 
sons, the data do not give any information 
regarding the incidence of posttraumatic 
epilepsy. However, this long-term follow- 
up does indicate the fate of men with such 
injuries. These men were contacted annu- 
ally and every ten yeavs sent a question- 
naire regarding their nealth and seizure 
status.’ A few did not wish to be reminded 
of their war experiences, and some were 
unavailable for follow-up; however, in 
1985, with the assissanee of Seymour 
Jablon, MA, of the National Research 
Council staff and the Veterans Adminis- 
tration, the vital stazistics of 229 men 
(94% ) were obtained. 

The extent of the brein involvement was 
determined from the ñeld operative note 
and subsequent roentgenogranis of the 
skull. The type of epi eptic manifestation 
that the man had was obtained from the 
military hospital record or, in the case of 
focal attacks, from the patient. The details 
of the seizures and their early frequency 
have been discussed previously.” 


RESULTS 


In the first years after sustaining a 
brain wound in World War II, an 
estimated 35% of the survivors were 
having epileptic actacks.'> Although 
some authors® have assumed that 
attacks occurring within the first few 
weeks of a brain wound should not be 
considered as indieative of posttrau- 
matic epilepsy, in this series, of the 30 
men who had seizures within a month 
of wounding, sever continued to have 
attacks, and only ten were completely 
free of seizures in the last ten years. 
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Table 1.—Status of Epilepsy by Decade After Wounding* 


Time After Wounding, y 
(No. Living at 
Beginning of Period) None 


0-9.9 (244) 0 27 








30-39.9 (188) 


*Values are number of men. 


Course of Posttraumatic Seizures 


The seizures resulting from head 
wounds, as noted by previous writ- 
ers, had a tendency to regress. The 
major attacks, especially if preceded 
by focal manifestations, became less 
severe and in a few years, if occurring 
at all, consisted only of the initial 
warnings. This trend was noticeable 
in the first ten years after wounding 
but very apparent in later years (Ta- 
ble 1). Of the individuals having early 
focal seizures that became general- 
ized, more than 50% of those alive 40 
years later had had no attacks for at 
least ten years, and another 25% had 
had only rare focal seizures. Of the 
individuals having generalized sei- 
zures without overt focal manifesta- 
tions initially, more than 75% were 
free of attacks 40 years later, and of 
the fewer men who had only focal 
attacks in the early years, two thirds 
no longer had such episodes 40 years 
later. Thus, in succeeding years, most 
of the persisting seizures consisted 
only of the initial manifestations (Ta- 
ble 2). The number of men having 
focal attacks also lessened, and the 
generalized attacks greatly de- 
creased. 

The question of great concern to a 
patient who has had a few seizures is 
whether, after a seizure-free period of 
five or ten years, he is likely to have 
another episode. On the basis of this 
40-year follow-up of more than 100 
seizure-free men, a few generaliza- 
tions may be made. If an individual 
has had in the first few years partial 
and generalized attacks but none 
thereafter for ten years, his @hances 
of recurrence of a seizure are four in 
100. If an individual has had partial 
and generalized attacks but has been 
free of the generalized attacks for ten 
years, the chances are one in five of 
having another generalized seizure. 
The data are too scant to make an 
estimate of the chances of a partial 
attack recurring after a free interval 
of ten years. Unfortunately, freedom 
from attacks for 20 to 30 years is 
not a guarantee of no recurrence, al- 
though the chances are only approxi- 
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Type of Seizures 
LLL, 


Secondary 
Generalized 


192 


Men Dying 


Unknown in Period 











mately 2%.’* 
The relationship of the cessation of 
overt seizures to the continuing 


administration of anticonvulsant 
medication is quite complex because 
many men stepped taking such thera- 
py if they had had no attacks for a 
year or two; en the other hand, most 
men who were having fits continued 
to take the medication. Hence, that 
approximately half of the seizure-free 
men are still taking some anticonvul- 
sant medication, even after 40 years of 
complete freedom from attacks, and 
the other half have taken no such 
medication for decades gives no indi- 
cation of the value of such therapy. 

The results of the surgical therapy 
are also difficult to evaluate. Obvious- 
ly, the surgically treated men had the 
most severe epilepsy and the greatest 
and most frequent involvement of the 
central regions, especially the motor 
cortex, which is a particularly sensi- 
tive epileptogenic zone. That 51% of 
these persons, 40 years after surgery, 
have had no attacks and an additional 
11% only focal seizures in the past ten 
years would seem to be an encourag- 
ing result. The comparable figures for 
the medically treated men are 63% 
and 8%. The late disability of most of 
the men in this series is not so much 
due to the occurrence of an occasional 
fit but to their neurological impair- 
ment, particularly hemiplegia or dis- 
turbed mental function. 

Physical Disability 

The state of the motor, sensory, and 
cognitive functions seemed to improve 
in the first few years after the brain 
wound and then reached a plateau. 
Forty years after their wounding, 49 
of 62 men responding to a question- 
naire wrote that their neurological 
status had not changed. But the 
remaining men considered that, in the 
previous decade, their disability had 
ace the aggravation was de- 
scribedy as increasing weakness or 
decreasing use of the impaired 
extremity, often confirmed by the 
observations of a spouse. The physical 
impairment might be associated with 
mental disturbances. In a few cases, 


Table 2.—Forty-Year Follow-up 


Status of Seizures No. 


None in 10 y 
Before death 
Since 1975 (living) 
Continuing 
Generalized and partial 10 y 
before death 
Since 1975 (living) 


Generalized only 10 y before 
death 
Since 1975 (living) 
Partial only 10 y before death 
Since 1975 (living) 
Unknown (10 known to be deac) 
Total 


this debility became so severe that the 
previously ambulatory patient was 
confined to a wheelchair or bed. In 
some cases, the impairment may have 
been related to associated arterial 
hypertension and/or cerebrovascular 
disease. 

In the early years after a left hemi- 
sphere wound, speech disturbances, 
practically always associated with 
right hemiplegia, often masked the 
general intellectual performance. In 
the first decades there was a slight 
increase in the IQ**) concomitant 
with improvement of the speech and 
hemiplegia. However, as the mental 
status cleared, some men became 
aware of or developed intellectual 
defeets, not previously recognized 
while the person was aphasic. This 
deterioration was not confined to per- 
sons with speech disorders, for mental 
impairment leading even to dementia 
may develop in individuals with nor- 
mal speech suffering from right-sided 
cerebral wounds. Nor was the aphasia 
intrinsically related to the motor defi- 
cit. After 15 years, 34% of 106 men 
with left hemisphere wounds had 
some aphasic disturbance. At 40 years 
after injury, only seven (14%) of 49 
men so afflicted had an aphasic 
impairment. This improvement of 
speech was greater than that of motor 
power, for more than half of the hemi- 
plegic men at 15 years were still 
paretic 40 years after wounding. In 
the final analysis, the paralysis of the 
right limbs may be a more disabling 
factor than the speech defect. 


Work Status 


The effect of the brain impairment 
and posttraumatic epilepsy on ability 
to work is difficult to establish as 
many men had no trade before their 
injury, and many, as the result of 
neurological or mental disability, 
could not engage in a gainful occupa- 
tion. Fewer than half of the men 
(38%) were employed until retire- 
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ment. Their neurological disability 
variec ana did not correlate well with 
their-wor< status. Many other factors, 
such ss imnate intelligence, education, 
social status, and Veterans Adminis- 
tratien benefits, played a role in the 
occupational adjustment of these 
head—njured men. 


Home Adjustment 


Alchough the data on the home life 
of these men 40 years after wounding 
are Basec on only 55 of the survivors, 
they cortirm the data of earlier 
repor-s of larger numbers. That 25% 
(14) cf the group are unmarried and 
living alene suggests that they differ 
from the general male population of 
simitar age, of whom in 1985 only 
5.9% were single. Beth married and 
singe men seem to be relatively con- 
tent with life, am observation in line 
with the fact that divorce is less com- 
mon ameng the epileptic group (6, 
11%% than among men of the same 
age crowp in the general population 
(18.2% ). Thismarita! stability may be 
basec om the fidelity of the spouses, 
espenialls the wives, who seem to be 
excertiomally devoted to their hus- 
bancs. 

It 5 interesting to note that in spite 
of their neurological disabilities and 
seizures, more than half of the men 
were driving a car to some extent 40 
years after their wounding, irrespec- 
tive wf the status of their epilepsy or 
neumslogical disability. 


Mental Status 


In the early years of the follow-up, 
these men seemed to be maintaining 
their intellectual abilities, but begin- 
ning 25 years after the brain injury 
and enset of seizures, approximately 
25% of the men shewed signs of men- 
tal Getemoration, often not recognized 
by the subject but apparent to wife 
and friends. It was described in many 
terms. A quick temper that could not 
be eentrollec, forgetfulness, inatten- 
tiom phebias. and mental fatigue cul- 
mineting in confusien were the com- 
mor cemplaints. This premature 
senility did not seem to correlate with 
the Dersistemce of any type of sei- 
Zure. 

A brief case report may illustrate 
this mental decline: In 1944, a tall, 
stalwart young efficer as the result of 
a ryht frontal lobe shell-fragment 
wound sustained a severe left hemi- 
plega and focal epilepzic attacks 
Invelving the paralyzed limbs. This 
wound was reexplered and a cortical 
epileptogenic focus resected. The 
patient’s physical and mental status 
(IQ. 103° was not altered and his epi- 
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Survival probability curve for normal, 25-year- 
old men in 1945 (closed circles) and actual 
Survival of similar aged men with posttraumat- 
ic epilepsy incurred in World War Il (open 
circles). Survival curve for injured men com- 
mences approximately two years after wound- 
ing, so that men dying from aftermath of brain 
injury are not included. 


leptic attacks ceased. However, his 
mental status began to fail 30 years 
after his wounding, and because of his 
clouded consciousness, increasing 
weakness of his extremities, and pro- 
gressive dementia, he was admitted to 
a Veterans Administration hospital. 
The patient’s wife, who had cared for 
him all these years, visited him fre- 
quently, although she admitted that, 
in the later visits, he did not seem to 
recognize her. 


Life Expectancy 


Perhaps in line with the early 
aging, the men with posttraumatic 
epilepsy are dying earlier than com- 
parable normal men in the general 
population (Figure). The mortality 
figures indicate that the death rate 
for posttraumatic epileptic men at all 
ages, but especially after the age of 45 
years, is several times higher than 
that of comparable normal men. 
Moreover, the men who have ceased 
having seizures are enjoying a longer 
life span than men who continue to 
have convulsions (Table 3). 

Unfortunately, the cause of death 
and the state of the brain could not be 
determined in many cases because the 
individual died at home or in a hospi- 
tal of a clinically determined condi- 
tion so that an autopsy was not per- 
formed. In the first two decades after 
injury, a number of deaths were 
attributable to the aftermath of the 
brain wound. Four patients died in 
status epilepticus. Traffic-related 
trauma was responsible for the deaths 
of three persons. Accidental, b 
caused two deaths. Although ff0 o of 
the men were diagnosed as suffering 
from depression, only one person was 
suspected of suicide. In later years, 
except for the mental deterioration 
previously mentioned, the causes of 





Table 3.—Relationship of Seizure Status 
to Mortality 





Seizures Dead Alive 
None in 10 y 32 57° 
Continuing 59 23° 





*\? = 22.2, P<.01 (simple x? and y coeffi- 
cient).2° 


death, based on information supplied 
by relatives, were not specific for 
head-injured men but seemed to run 
the gamut of diseases afflicting elder- 
ly people. Cardiovascular disease, said 
to be more common after head inju- 
ries? was not unduly prominent in 
this series. 

There is evidence to suggest that 
the lateralization and location of a 
brain wound may influence its late 
effects on the vital functions. Men 
with wounds of the right cerebral K 
hemisphere seem to have a shorter 
life span than those with wounds of 
the left hemisphere. Possibly, the spe- 
cialized attention given the aphasic 
men may have been a factor. However, 
at the time of the follow-up, 47 (55% ) 
of 86 men with right hemisphere 
wounds and 39% of 125 men with left 
hemisphere wounds were dead, a dif- 
ference statistically significant at the 
5% level. 





COMMENT t 


A number of studies’®* have dis- 
cussed the physical condition of indi- 
viduals some time after brain wound- 
ing, but only a few!’ have followed 
the state of the epilepsy over many 
years. Even these relatively long-term 
records of the status of the epilepsy 
have varied considerably. This řs due 
to many factors—the type of injury, A 
location and extent of brain damage, í 
immediate therapy, field and-hospital 
management, posttraumatic care, and 
time of follow-up—any one of which ; 
may modify the incidence and charac- 
teristics of the posttraumatic sei- 
zures.”'*"? The brain wounds of war 4 
and civilian life, although both give 
rise toJate-developing seizures, result 
in different types of disorders.’®'* This _ 
stems from the fact that the brain s 
wounds of civilian life predominantly 
involve the frontal and temporal a 
areas, whereas the head wounds ) 
incurred in war are more frequently . 
in the rolandic and parietal regions. 
Moreover, since several lobes of the . 
brain are twice as often involved in x 
military as in civilian cases, the neu- S 


rological impairment is more severe 3 
in the former injuries. In some 
reports, neither the location nor even A 


the side of wounding is given, A 
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although these are important factors 
in the incidence of posttraumatic sei- 
zures. The definition and classifica- 
tion of the convulsive state used by 
various investigators are not compa- 
rable in all series. In some reports, 
“all the cases described as petit mal” 
are eliminated, and persons with oth- 
er types of episodes— focal, focal-gen- 
eral, general, and psychomotor—are 
lumped together. Yet any loss of 
consciousness or of awareness, if only 
for a few seconds, may be disastrous 
for an individual. Some reporters 
eliminate those cases unavailable for 
follow-up without consideration of 
whether or not they are representa- 
tive of the whole series. 

The basis for the development of 
seizures after a brain injury is still 
conjectural. Early studies enumerated 
a number of clinical factors,” but in 
more recent reports in which scans, 
magnetic resonance imaging, or other 
highly technical means of ascertain- 
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ing the state of the brain have been 
used there has been a tendency to 
limit the determinants to cerebral 
damage.” 

The role of medication in the remis- 
sion of seizures is difficult to deter- 
mine in most reported series of head 
injuries. If an early seizure has 
occurred, the advisability of an imme- 
diate prescription of anticonvulsion 
medication is questionable, for some 
persons will have one or two seizures 
in the first months after wounding 
and no further attacks. In the above 
series, five men had a solitary seizure 
in the first year after wounding and 
none thereafter. Although anticonvul- 
sant therapy was administered or pre- 
scribed in all cases, compliance after a 
few years varied,” so that the effect 
of such measures, even when seizures 
had developed, was difficult to deter- 
mine. 

The effects of brain wounds and 
subsequent seizures on social and 
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mental activities were complieated.” 
In the immediate posttraumatic 
years, there was a slight but definite 
improvement in all functions.» Lat- 
er, approximately a quarter of the 
head-injured men seemed to deterio- 
rate mentally. They suffered from the 
common ailments associated with 
aging—vascular disease, heart disor- 
ders, and malfunctions of other sys- 
tems—to a greater degree than men of 
the same age. Weiss et al’ have attrib- 
uted this decline to vascular disease, 
but the evidence for this is not conclu- 
sive. 

Several investigators”? have con- 
firmed that the life span of an individ- 
ual with posttraumatic encephalopa- 
thy is shortened. This is usually 
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lepsy, although Rish” believes that 
the increased death rate is the result 
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that is contrary to that of Corkin et 
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Cerebral Glucose Metabolism in 
Wernicke’s, Broca’s, and Conduction Aphasia 


E. J=frey Meter, MD; Daniel Kempler, PhD; Catherine Jackson, MA; 
Wayae R. Harson, PD; John C. Mazziotta, MD, PhD; Michael E. Phelps, PhD 


è Cerebral glucose metabolism was 
evamatec in patients with either Wer- 
nicke’s (@ = 7), Broca’s (N = 11), or con- 
ducãon (N= 0) aphasia using ‘“F-2-fluo- 
ro-2-Jeory-p-slucese with positron emis- 
sior tomegraphy. The three aphasic syn- 
dromes differed in the degree of left- 
to-richt fronta metabolic asymmetry, with 
Broea’s aphasia showing severe asymme- 
try and Werncke’s aphasia mild-to-mod- 
erate metabelic asymmetry, while pa- 
tients wit) comduction aphasia were met- 
aboszally symmetric. On the other hand, 
the Shree syndromes showed the same 
degree cf metabolic decline in the left 
temmoral recion. The parietal region 
appearec to separate ccnduction aphasia 
trom both Breca’s and Wernicke’s apha- 
sias Commoe aphasic features in the 
thre= syndromes appear to be due to 
common charges in the temporal region, 
whi unique features were associated 
with frontal and parietal metabolic differ- 
encss. 

(arch Neure! 1989;46:27-34) 


A»atomic classifications of aphasia 

propose that lesions to specific 
bran regions result in definable and 
distmct aphasie syndromes. Broca’s, 
Wernicke’s, and cenduction aphasias 
areef particilar interest, as they are 
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felt to result from differences in 
regional structural damage.'* How- 
ever, several problems exist with this 
classification. First, it is difficult to 
predict the aphasic syndrome, based 
on lesion localization.’ Second, recent 
studies have noted common language 
dysfunctions in all aphasic subjects, 
regardless of their classification, eg, 
the syntactic comprehension deficit 
found in both Broca’s and Wernicke’s 
aphasias.° These findings argue for a 
uniformity of language disturbance in 
both aphasie syndromes, which have 
been distinguished, in part, by differ- 
ences in language comprehension. 
Studies using 'F-2-fluoro-2-deoxy- 
D-glucose positron emission tomogra- 
phy (PET) have shown that structural 
lesions are associated with metabolic 
changes in brain regions beyond the 
site of damage. We have previously 
demonstrated specific metabolic pat- 
terns in aphasia but made no attempt 
to correlate metabolic and structural 
patterns with specific aphasic syn- 
dromes.”* Of particular interest are 
metabolic changes in structurally 
undamaged prefrontal cortex, cau- 
date, thalamus, and contralateral cer- 
ebellum.’? These studies focused on the 
distribution of metabolic changes in 
the brains of aphasic patients, but not 
on the metabolic patterning associ- 
ated with known aphasic syndromes. 
This investigation compares structur- 
al and metabolic abnormalities in 


Wernicke’s, Broca’s, and ee ci 
aphasias. a 


PATIENTS AND METHODS 
Subject Selection 


Fifty aphasic patients who had a history 
of a single eerebrovascular event were 


selected. Patients were studied more than 
one month after the onset of the stroke. 
None were receiving therapy with anticon- 
vulsants, antidepressants, or sedatives. 
Each subject was administered the West- 
ern Aphasia Battery, which was used to 
classify the type of aphasia.” Of 50 
patients sampled, 28 had either Wer- 
nicke’s, Broca’s, or conduction aphasia and 
were included in this study. Eleven sub- 
jects (22%) had Broca’s aphasia, seven 
(14% ), Wernicke’s aphasia, and ten (20%), 
conduction aphasia..This distribution is 
similar to that found by other research- 
ers, '0!2 

Twenty-two age-matched, healthy vol- 
unteers with no known neurologic disor- 
ders acted as control subjects. They were 
studied only with 'F-2-fluoro-2-deoxy-p- 
glucose PET. 

PET 


Each subject, in a resting state (eyes and 
ears unoccluded), underwent a PET scan 
using '*F-2-fluéro-2-deoxy-D-glucose (Neu- 
roKCAT, CTI, Knoxville, Tenn)? Subjects 
lay on the scanner bed in a darkened room, 
listening to ambient room noise, and had 
'*F'-2-fluoro-2-deoxy-D-glucose injected in- 
travenously. Arterialized venous blood 
samples were drawn to prepare blood 
curves.'* Scanning was begun 40 minutes 
later. Head positioning was accomplished 
using tae technique described by Mazziotta 
et al. The distance from the auditory 
meatus to the vertex was measured, fol- 
lowing the approach of Matsui and Hira- 
no. This distance was used as a reference 
to determine plane localization. The 
patient was placed in a head holder and 
aligned in the seanner, using a low-energy 
neon laser. A rectilinear scan was obtained 
to orient the positioning of the head and to 
correct any head angling prior to scan- 


ning.” 

Scans w lyzed quantitatively by 
measuripg 15 \begions,in.each hemisphere 
(Fig 1) ideo marti «using an inter- 
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metabolic rates of glucose in milligrams 
per 100 g of tissue per minute, as deter- 
mined by the model of Phelps et al." 
Statistical analysis required that the num- 
bers of dependent variables be reduced as 
much as possible, because of small sample 
size, multicollinearity, and the problem of 
multiple comparisons. In previous stud- 
ies, we have demonstrated the strong 
intercorrelations between some of the 15 
regions.” For these reasons, the 16 regions 
were reduced to nine regions by averaging 
regions 1 and 2 (superofrontal), 3 and 4 
(inferofrontal), 5 and 6 (Broca’s area— 
posteroinferofrontal), 7 and 8 (parietal), 9 
and 10 (Wernicke’s area—posterosupero- 
temporal), 11 and 12 (posterotemporal), 13 
(occipital), 14 (head of caudate), and 15 
(thalamus). For multivariate analysis, a 
further reduction in the number of depen- 
dent variables was needed because of sam- 
ple size (the smallest group contained sev- 
en members). For these analyses, the 
regions examined included regions 1 to 4 
(prefrontal), regions 5 and 6 (posteroinfe- 
rofrontal), regions 7 and 8 (parietal), and 
regions 9 and 10 (temporal). 

Because of marked individual variations 
in global glucose metabolism and small 
sample size, regional metabolic measures 
were expressed as a left-to-right hemi- 
sphere ratio for each region. Right hemi- 
sphere local metabolic rates of glucose 
(LCMRGIlc) for these 15 regions in 43 apha- 
sic patients (including patients from this 
study) have been shown not to differ from 
22 age-matched control subjects.’ For the 
aphasic patients in this study, a multivari- 
ate analysis of variance of the four right 
cortical LCMRGle. (described above) 
showed no regional differences between 
and among the three aphasic groups and 
controls (F[24,123] = 1.03, P = .43). Like- 
wise, when the nine regions (described 
previously) were examined using univar- 
iate statistics, no regions differed between 
the aphasic and control groups in right 
hemisphere LCMRGle (Table 1). Thus, in 
general, the left-to-right ratio reflects left 
hemisphere hypometabolism. 


Computed Tomography 
“a 


Each subject had a computed tomogra- 
phic scan (1200SX [Picker, Cleveland] or 
8800 scanner [General Electric, Schenecta- 
dy, NY]) at approximately the time of PET 
with “F-2-fluoro-2-deoxy-D-glucose. Dam- 
aged brain regions were traced onto stan- 
dard brain sections derived from the atlas 
of Matsui and Hirano." The tracings were 
used to prepare overlapping lesions on 
templates for each of the three aphasic 
syndromes. In addition, the same 16 
regions as measured for glucose metabo- 
lism were rated and reduced to nine mea- 
sures. Other regions were analyzed, includ- 
ing the anterior limb of the internal cap- 
sule, posterior limb of the internal capsule, 
insula, and lenticular nuclei. Each region 
was rated on a 5-point scale by a neurora- 
diologist (blinded to the rest of the data) 
and a neurologist (E.J.M.). The scale was 
as follows: 0, normal; 1, atrophy (sulcal 
enlargement with no evidence of specific 
tissue damage); 2, damage but no loss of 
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“Fig 1.—Regions of interest used in quantitative measurements. Lateral section was derived from 
rectilinear scan of patient 40 minutes after injection of '°F-2-fluoro-2-deoxy-D-glucose, just prior 
to positron emission scanning and used for patient alignment. Regions of interest were generally 
obtained from planes 5, 8, 9, and 12, as illustrated. 


tissue (tissue was clearly infarcted, but the 
overall regional structure appeared in- 
tact); 3, partial tissue loss; and 4, complete 
tissue loss. The two ratings for each region 
were averaged to obtain an estimate of the 
degree of structural damage. An 88% 
agreement (x = .71) was found between the 
two ratings, when considering a rating of 0 
and 1 as equivalent, and within 1 scale 


RS rating of 2 to 4. 
RESULTS 
Table 2 shows the individual scores 
and averages on the Western Aphasia 


Battery for all subjects in the three 
aphasic groups. The three groups were 


found to differ across the measures (F 
[8,46] = 13.86, P < .001). On both uni- 
variate and Roy-Bargmann step- 
down, fluency and comprehension dif- 
fered between and among the groups. 
Fluency differentiated Broca’s apha- 
sia from conduction and Wernicke’s 
aphasias, while comprehension sepa- 
rated Wernicke’s aphasia from Bro- 
cas and conduction aphasias. The 
patients with Wernicke’s aphasia 
showed the most severe aphasia, as 
indicated by the aphasia quotient. 
Subjects with Broca’s aphasia had 
the largest structural lesions of the 
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Table 1.—Regional Right Hemisphere LCMRGIc* 


Group 


Å= I ‘no 
Broca’s 
Aphasia 


Sep2rofromtal 4.29 (0.93) 4.29 (0.99) 3.60 (0.72) 3.79 (0.61) 
inasrofronta! 4.26 (0.95) 4.42 (0.86) 3.69 (0.76) 3.95 (0.75) 


Wernicke’s 
Aphasia 


Conduction 
Aphasia 


Pesteroinf rofronta 4.44 (0.95) 4.70 (1.01) 3.93 (0.97) 4.05 (0.84) 


‘Caugate 4.60 (1.08) 5.26 (1.19) 4.23 (0.96) 4.29 (0.59) 


Thalamus 5.00 (1.09) 5.32 (1.26) 4.36 (0.90) 4.79 (0.84) 





“Each meawre is raperted as local metabolic rates of glucose (LCMRGIc) in milligrams per 100 g of tissue 
pe mmute. Numbers in parentheses represent SDs. 





Table 2.—Western Aphasia Scores for Each Aphasic Syndrome* 
















Fluency Comprehension Repetition Naming AO 

Paient (10) (10) (10) (10) (100) 

Conduction Aphasia 
Cetera 5-10 7-10 0.0-6.9 0.0-9 a 
01 3 7.6 6.1 4.5 74 
Ge 3 9.8 7.4 9.0 88 
23 5 8.4 6.4 8.3 76 
25 3 9.4 6.6 9.3 85 
2 8 9.0 6.4 7.9 81 
<38 7 8.4 6.6 6.1 62 
40 8 ret 5.9 3.2 58 
346 6 9.8 6.9 7.6 77 
47 7 9.0 6.8 4.8 65 
A 6.4 9.0 





Wernicke’s Aphasia 
0.0-6.9 





Broca’s Aphasia 
4-10 0.0-7.9 


9.1 6.6 8.2 72 










DE 4 
1€ o 6.9 2.0 0.4 25 
va 4 6.8 3.5 4.2 61 
re 2 8.3 3.6 3.6 45 
re 4 5.7 5.5 6.1 59 
130 1 5.0 3.1 2.2 29 
131 1 7.4 1.7 1.3 27 
123 : 2 9.5 0.1 0.1 29 
136 4 9.2 3.9 3.8 54 
1-2 | a 8.9 0.7 1.1 33 
122 4 4.6 2.4 3.3 

Mar 2.4 0.8) 7.4 (1.8) 3.0 (1.9) 3.1 (2.5) 


“criera refe to the Western Aphasia Battery 1° criteria for classification. Numbers in parentheses in column 
heaiincss ndica=> maximum score. 


al.® Six of 11 patients qn no 
evidence of cortical damage in the 
posteroinferofrontal (Broca’s) region, 
and only one had severe prefrontal 
damage (Table 3). Subjects with Wer- 
nicke’s aphasia showed structural 


thee synd-omes, with the lesion 
extenling farther frontally and 
inwiving more of the deep-brain 
stroettures, mcludimg insula and basal 
gazla (Fig 2, tep). This description 
is Smular tc that reported by Mohr et 
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lesions that consistently involved the 
temporoparietal cortex, with some 
extension into the insular region (Fig 
2, center). In conduction aphasia, 
there was greater structural damage 
to the posterotemporal regions and 
less involvement in the insula and ~ 
lenticular nuclei (Fig 2, bottom) than | 
was observed in Wernicke’s aphasia. 
The computed tomographic scans 
were analyzed further by rating the 
degree of structural damage (see the 
“Patients and Methods” section). 
Table 3 presents the structural rat- 
ings for each region with the corre- _ 
sponding metabolic left-to-right ratio. _ 
Pairs of comparisons foreach comput- 
ed tomographic region were made 
using the Mann-Whitney U statistic 
and were accepted as significant 
(P < .05) (Table 4). Subcortical struc- 
tures were of particular importance in _ 
differentiating syndromes, though no 
differences were found between and 
among subjects with either conduc- 
tion or Wernicke’s aphasia. The dif- — 
ferences between conduction and Bro- 
ca’s aphasias in inferofrontal and ~ 
posteroinferofrontal areas were based _ 
mainly on frontal damage in two of 11 
patients with Broca’s aphasia. ks 
The PET scans with 'F-2-fluoro- ` 
2-deoxy-D-gluecose for patients with 
Broca’s aphasia demonstrated left-to- 
right hemispheric metabolic asymme- 
try involving essentially the entire 
left hemisphere, except for the prima- 
ry visual area (Fig 3). The metabolic 
abnormalities were far more exten- — 
sive than the structural damage in all 5 
patients with Brocas aphasia (Table _ 
3), and left-to-right metabolic ratios _ 
were lower than normal for all mea- 4 
sured regions (Fig 4). TA 
An example of the computed tomo- 
graphic and PET scans from a patient — 
with Wernicke’s aphasia ig:presented _ 
in Fig 5. Left-to-right metabolic 
asymmetry was found in the temporo- _ 
parietal, posteroinferofrontal (Bro- — 
ca’s region), prefrontal, caudate, and 
thalamic regions (Fig 4); the degree j 
varied from patient to patient (Table 
3). Prefrontal left-to-right metabolic 
ratids were decreased in four of seven 
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patients. x 
For conduction aphasia, left-to- _ 
right metabolic asymmetry was ~ 


present in the temporoparietal re- 
gions (Fig 4), while 50% of subjects 
showed asymmetry in the posteroinfe- 
rofrontal (Broca’s) region and 20% of 
subjects showed prefrontal asymme- 
try (Table 3). An example from one of 
the patients observed is presented in — 
Fig 6. 

The three aphasic groups and con- 
trol subjects were eompared, using — 
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multivariate analysis of variance with 
the hierarchical adjustment for non- 
orthogonality, after the 15 left-to- 
right ratios were reduced to four val- 
ues, as described in the “Patients and 
Methods” section. Usirg Wilks’ crite- 
rion, the combined dependent vari- 
ables were significantly affected by 
group (F[12,144]=115, P< .0001). 
Likewise, when only comparing the 
aphasic groups, Wilks criterion was 
significant ‘(F'[8,44] = 3.33, P = .006). 
The results reflected a strong associa- 
tion between the aphasic group and 
combined dependent variables 
(m = .61). To investigate the regional 
differences by group, a_ posteriori 
analysis was performed using 
Scheffe’s test. Table 5 reports compar- 
isons for the three aphasic groups and 
controls. Of note, conduction and 
Wernicke’s aphasias were differenti- 
ated from Broca’s aphasia in the fron- 
tal, caudate, and thalamic metabolic 
measures. Conduction and Wernicke’s 
aphasias did not differ on these mea- 
sures. Patients with Wernicke’s apha- 
sia differed from the control subjects 
in the superofrontal and posteroinfe- 
rofrontal regions. The parietal mea- 
sure differentiated patients with con- 
duction aphasia from patients with 
either Broca’s or Wernicke’s aphasia. 
This was the only regional measure ? 
that was significantly different 
between patients with either conduc- 

tion or Wernicke’s apħasia. 


COMMENT 


The three aphasic syndromes dif- 
fered primarily in the extent of deep 
(insular, lenticular, ard internal cap- 
sule) structural damage and left-to- 
right metabolic asymmetry in pre- 
frontal, posteroinferofrontal (Bro- 
ca’s), and, to a lesser degree, parietal 
measures. Patients with Broca’s apha- 
sia showed severe left-to-right asym- 
metry (ratios, <0.7) in all of these 
regions, those with Wernicke’s apha- 
sia had mild-to-moderate asymmetry “ 
(ratios, 0.7 to 0.88), ard patients with 
conduction aphasia showed essential- 
ly normal findings (ratio. >0.88) in 
the prefrontal cortex. 

The prefrontal mecabolic changes 
may prove important in understand- 
ing behavioral differences between 
and among the three syndromes. Pre- 





Fig 2.—Computed tomographic data for three 
aphasic groups. Lesions on computed tomo- 
graphic scans were traced ento appropriate 
templates for each patient. These composites 

were obtained by overlaying eacn patient’s 4 
template with a specific aphasia. Top, Broca’s 
aphasia; center, Wernicke's aphasia; and bot- 
tom, conduction aphasia. 
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Metabolic Left-to-Right Ratios X 100 (CT Rating) 
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18 (4.0) 
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ST 


O 


Conduction Aphasia 


63 (2.5) 
68 (1.5) 
64 (3.0) 
25 (3.8) 
33 (2.0) 
84 (0.5) 
76 (2.8) 
69 (0.0) 


71 (3.3) 


55 (3.0) 
58 (2.8) 
65 (2.8) 
62 (4.0) 
17 (3.5) 
77 (0.3) 
61 (3.0) 
79 (2.0) 


52 (3.3) 


77 (0.0) 
102 (1.0) 
93 (0.0) 
100 (0.0) 
96 (0.0) 
85 (0.0) 
96 (0.0) 
102 (0.0) 


95 (0.0) 


Wernicke’s Aphasia 


44 (2.8) 
12 (3.5) 
65 (2.5) 
68 (0.5) 
12 (3.0) 
13 (3.8) 
32 (4.0) 


75 (2.3) 
43 (1.8) 
74 (2.3) 
2 (4.0) 
O (4.0) 
15 (4.0) 


55 (2.5) 
39 (1.0) 
85 (0.5) 


51 (1.8) 
54 (0.0) 
43 (2.8) 
81 (2.8) 
34 (3.0) 
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50 (0.0) 
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48 (2.8) 
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67 (0.3) 
72 (0.0) 


55 (4.0) 
88 (0.0) 
93 (1.0) 
102 (0.0) 
98 (0.0) 
97 (1.0) 
64 (0.0) 


86 (0.0) 
84 (0.0) 
103 (0.0) 
99 (0.0) 
83 (0.0) 
81 (0.0) 
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95 (0.0) 
85 (0.0) 
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43 (3.5) 
95 (0.0) 
86 (0.0) 
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44 (0.0) 
16 (3.5) 
89 (0.5) 
103 (0.0) 
87 (0.0) 
70 (0.0) 
79 (0.0) 


11 (4.0) 
42 (1.0) 
35 (2.0) 
26 (2.0) 
21 (0.0) 
30 (1.5) 


49 (0.0) 
53 (2.0) 
70 (3.0) 


—Metabolic Ratios and CT Ratings by Region for Individuals and Groups * 
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(0.0) 
(1.5) 
(4.0) 
(0.0) 
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(3.5) 
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(0.0) 
(3.0) 
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(3.0) 
(3.0) 
(3.5) 
(4.0) 
(4.0) 
(4.0) 


(3.5) 
(3.0) 
(1.0) 





*~umbers in parentheses represent the average computed tomographic (CT) rating for the regions as shown in Fig 1. In addition, ratings were obtained for anterior 
intemal capsule (AIC), posterior internal capsule (PIC), lenticular nuclei (LN), and insula (IN). SF indicates superofrontal; LF, inferofrontal; 3, posteroinferofrontal 
(Broma's) P, pametal; ST. posterosuperotemporal (Wernicke’s); PT, posterotemporal; O, occipital; CD, head of caudate; and TH, thalamus. 


fromctal struetural lesions are associ- 
ated with transcortical mctor aphasia 
characterized as an adynamic state 
wita either “inertia,” an inability to 
swith sets,' difficulty initiating 
expmessive activity,” or problems with 
tenporal planning.” These hypothe- 
ses suggest that the frontal lobes are 
inve ved with the initiation and main- 
tenance of behavior. 

P=evicusly, we have found a strong 
cormlation between metabolic mea- 
sures of prefrontal and posteroinfero- 
fror-al (Broea’s) regions with func- 
tior=! motor loss of the arms and legs, 
as well as spontaneous speech and 
wri ing“ In nermal subjects, a strong 
cormlation was found between pre- 
frortal cortex and decision making.” 
These ebservations suppert the hy- 
pothesized rele of the prefrontal 


Table 4.—Mann-Whitney U Statistic Comparisons of CT Regional Scores* 


Wernicke’s 
Aphasia Compared 
With Broca’s 
Aphasia 


Conduction 
Aphasia Compared 
With Wernicke’s 
Asphasia 


Conduction 
Aphasia Compared 
With Broca’s 
Asphasia 


Occipital 

Caudate 

Thalamus 

Anterior internal capsule 
Posterior internal capsule 
Lenticular nuclei 

Insula 





* Regions were tested by the Mann-Whitney U statistic and accepted as significant at value of P < .05. The 
P values accepted as significant are shown for aphasic group comparisons by regions. 
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Fig 4.—Mean left-to-right glucose metabolic ratios for each brain region in each aphasic syndrome and 22 normal control subjects. Statistical 
comparisons between groups is presented in Table 5. SF indicates superofrontal (regions 1 and 2); LF, inferofrontal (regions 3 and 4); B, 
posteroinferofrontal (Broca’s) region (regions 5 and 6); P, parietal (regions 7 and 8); ST, posterosuperotemporal (Wernicke’s) region (regions 9 and 
10); PT, posterotemporal (regions 11 and 12); O, occipital (region 13); CD, head of caudate (region 14); and TH, thalamus (region 15). 





regions in planning and execution of 
behavior. 

The marked left-to-right frontal 
asymmetry in patients with Broca’s 
aphasia suggests that the left frontal 
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lobe is not functioning normally in 
these patients. Patients with Broca’s 
aphasia have difficulty in motor 
sequencing and executing motor 
speech tasks. Structural lesions 


Fig 3.—Left, Computed tomographic scan of patien: with Broca’s 
aphasia showed moderately large lesion that spared Broca’s area. 
Center, Positron emission tomographic scan was obtained from same 
level as computed tomographic scan (level 5 from Fig 1). Computed 
tomographic scan demonstrates left-to-right metabolic asymmetry 
throughout left hemisphere. Right, Gray scale showing quantitative 
metabolic rates expressed in milligrams per 100 g per minute. 


involving posteroinferofrontal (Bro- 
ca’s) region and/or deep structures 
may explain part of the behavior by 
damaging motor centers, but it may 
also reflect difficulty with initiation 
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Fig 5.—Left, Gomputed tomographic scan of patient with Wernicke’s 
aphasia. Someuted tomographic scan demonstrates large lesion caus- 
ing patient's aphasia Center, Positron emission tomographic scan 
shows prominent metabolic asymmetry in posterior regions, with 
mila to-mederee frontai lobe asymmetry. Right, Gray scale showing 
quantitative metabolic rates expressed in milligrams per 100 g per 


minute. 
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Fig 6.—Left, Computed tomographic scan of patient with conduction 
aphasia. Computed tomographic scan demonstrates moderate-sized 
lesions causing patient’s aphasia. Center, Positror emission tomogra- 
phic scan shows typical pattern observed in eight of ten patients with 
asymmetry in posterior left hemisphere, while prefrontal regions were 
symmetric. Right, Gray scale showing quantitatwe metabolic rates 


expressed in milligrams per 100 g per minute. 


Table 5 —Regional Glucose Metabolic Differences Between and Among Groups* 


Conduction Conduction 
Aphasia Aphasia 


Compared Compared Compared 


With With 


Broca’s Wernicke’s Wernicke’s 


Aphasia Aphasia 


Sumerofrontal 
inferofrortal 


Posteroirterofrental 
Pasetal 

Posteros. ipero=mporal 
= ee 


sees 
Thalamus 


P 


Conduction Broca’s Wernicke’s 
Aphasia Aphasia Aphasia 
Compared Compared Compared 
With With With 
Control Control Control 
Group Group Group 


Broca’s 
Aphasia 


With 


Aphasia 


<.05 
<.05 





* Group comparisons were made a posteriori using Scheffe’s test at a value of P < .05. 


and maimterance of actions or prob- 
lems with sequencing, which are char- 
acteristic of more prefrontal dam- 
age. 

The presence of mild prefrontal 
hypometaboism in Wernicke’s apha- 
sia suggests that prefrontal regions 
are functioning relatively normally 
but lack information derived from the 
temporopari-tal eortex. This may 
result from CGirect damage to the tem- 
pereparretal cortex or from the dis- 
eonnection œ pathways. During nor- 
mal speech, »eedback between tempo- 
roparietal and frental regions may 
help to regul_te the form, content, and 
amount of s>eech. With temporopar- 
tal damag-, the frontal lobe may 
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respond to the impulse to speak, but 
without full temporoparietal input as 
to what should be said. This may 
explain the fluent, unmonitored out- 
put characteristic of Wernicke’s apha- 
sia. 

The metabolic and structural 
abnormalities in the three aphasic 
syndromes add grist to the mill of the 
classic debate between those who view 
aphasia as a single syndrome and 
those who view it as a collect f 
distinct syndromes. A strikigh*Meer- 
vation in our subjects was the similar- 
ity of structural and metabolic dys- 
function in parts of the temporal lobe. 
The presence of such dysfunction in 
Broca’s aphasia may well explain the 






presence of language comprehension 
abnormalities found in patients in 
this group as well as those with fluent 
aphasias.° A language deficit in all 
three groups may reflect the common- 
ality of regional aypometabolism 
observed in the temporal regions. This 
would be consistent with the theoreti- 
cal position that there is one basic 
aphasia resulting from temporoparie- 
tal dysfunction, differences between 
syndromes being essentially epiphe- 
nomena,” or differences in the ability 
to access and output language func- 
tions for communication (observed by 
motor performance). 

Conduction aphasia was of particu- 
lar interest because in the classic 
model the symptoms were attributed 
to the disconnection of the frontal and 
posterior language areas by damage 
to the arcuate fasciculus,” although 
other explanations have been of- 
fered.2’” The mild degree of poste- 
roinferofrontal (Brocé’s area) region- 
al asymmetry and absence of prefron- 
tal asymmetry in conduction aphasia 
as compared with either Wernicke’s 
or Broca’s aphasia argues against a 
strict disconnection explanation, since 
inputs to the frontal regions from 
posterior language areas are not 
diminished. Kempler et al” argued 
that more than one mechanism may 
be needed to account for the behavi- 
oral consequences of conduction apha- 
sia. 

The observations from this study 
are consistent with a performance 
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model where performance differences 
between and among the three types of 
aphasia are seen as resulting from 
functional frontal changes. The mild- 
er degree of communication proklems 
found in patients with conduction 
aphasia is associated with a normal- 
appearing frontal region, while the 
m severe struggle in communication in 
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those with Broca’s aphasia corre- 
sponds to severe frontal asymmetry. 
Such differences argue for a break- 
down in functional brain systems that 
must interplay for productive commu- 
nication. 
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Department of Energy contract No. DE-A M03- 


References 


12. Goodglass H, Kaplan E: The Assessment of 
Aphasic Disorders. Philadelphia, Lea & Febiger, 
1972. 

13. Hoffman EJ, Phelps ME, Huang SC: Per- 
formance evaluation of a positron tomograph 
designed for brain imaging. J Nucl Med 
1983;24:245-257. 

14. Phelps ME, Huang SC, Hoffman EJ, et al: 
Tomographic measurement of local metabolic 
rate in humans with (F-18) 2-fluoro-2-deoxy- 
D-glucose: Validation of method. Ann Neurol 
1979;6:371-388. 

15. Mazzietta JC, Phelps ME, Meadors AD, et 
al: Anatomical localization schemes for use in 
positron computed tomography using a specially 
designed head holder. J Comput Assist Tomogr 
1982;6:848-853. 

16. Matsui T, Hirano A: An Atlas of the 
Human Brain for Computerized Tomography. 
New York, Igaku-Shoin Medical Publishers Inc, 
1978. 

17. Mazzietta JC, Schwab R, Collard P, et al: A 
simple, rapid, and automated patient reposition- 
ing system for use with PET studies. Neurology 
1985;35(suppl 1):234. 

18. Tabachnick BG, Fidel! LS: Using Multivar- 
iate Statisfics. New York, Harper & Row Publish- 
ers Inc, 1983. 

19. Metter EJ, Riege WH, Kuhl DE, et al: 
Cerebral metabolic relationships for selected 
brain regiens in healthy adults. J Cereb Blood 
Flow Metab 1984;4:1-7. 

20. Mohr JP, Pessin MS, Finkelstein S, et al: 
Broca aphasia: Pathological and clinical. Neurol- 
ogy 1978;28:311-324. 


76-SS00012, US Public Health Service research 
grants RO1-GM-24839, and PO1-NS-15654, and a 
Veterans Administration medical research 
grant. Dr Mazziotta is the recipient of Teacher 
Investigation Award 1KO7-NS-0058805 from the 
National Institute of Neurological and Commu- 
nicative Disorders and Stroke, National Insti- 
tutes of Health, Bethesda, Md. 


21. Freedman M, Alexander MP, Naeser MA: 
Anatomic basis of transcortical motor aphasia. 
Neurology 1984;34:409-417. 

22. Fuster J: The Prefrontal Cortex: Anatomy, 
Physiology, and Neuropsychology of the Frontal 
Lobe. New York, Raven Press, 1980. 

23. Riege WH, Metter “J, Kuhl DE, et al: 
Brain glucose metabolism and memory func- ' 
tions: Age decrease in factor scores. J Gerontol 
1985;40:459-467. 

24. Poeck K: What do we mean by ‘aphasic 
syndromes?’ A neurologist’s view. Brain Lang 
1983;20:79-89. 

25. Geschwind N: Disconnection syndromes in 
animals and man. Brain 1965;88:237-294, 585- 
644. 

26. Benson DF, Sheremeta WA, Bouchard R, 
et al: Conduction aphasia: A clinicopathological 
study. Arch Neurol 1973;2&339-346. 

27. Warrington EK, Shallice T: The selective 
impairment of auditory-verbal short-term mem- 
ory. Brain 1969;92:885-896. 

28. Shallice T, Warringten EK: Auditory-ver- 
bal short-term memory impairment and conduc- 
tion aphasia. Brain Lang 1977;4:47§-491. 

29. Levine DN, Calvanio R: Conduction apha- 
sia, in Kirshner HS, Freeman FR (eds): The Y 
Neurology of Aphasia. Berwyn, Pa, Swets North 
America Inc, 1982, p 79. 

30. Kempler D, Metter EJ, Jackson CA, et al: 
Disconnection and cerebral metabolism: The case 
of conduction aphasia. Arch Newro! 1988;45:275- 
279. 


Aphasia—Metter et al 


Characterization of HTLV-I in a T-Cell Line 
Established From a Patient With Myelopathy 


Tatsufumi Nakamura, MD; Mitsuhiro Tsujihata, MD; Susumu Shirabe, MD; 
Hicenor Ma suo, MD; Yukicaka Ueki, MD; Shigenobu Nagataki, MD 


$% We has established an interleukin 
2-dependem, OKT4-positive T-cell line, 
named “CT, from cells in the cerebro- 
sp'nal fuid ebtained from a patient with 
human T-ce! lymphotropic virus type | 
(HTLV-1)}—-associated myelopathy. Anti- 
gens for HTLV-! were detected in HCT-1 
celis by indirect immunoflucrescence and 
Westerr blo testing, and type C virus 
pafticiles were detected by electron 
microscopy. Southern blot analysis of 
HCT-1 cellar DNA, using an HTLV-I 
prabe, revea@ed that the integrated provi- 
rus gemome could not be distinguished 
from the HTLV-I genome in adult patients 
with T-cell leukemia. 

Arch Weusol 1989;46:35-37) 


N eariy æl patients with tropical 

spastic >araparesis (TSP) in Mar- 
timque. Jamaica, and Colombia have 
antibocies so human T-cell lympho- 
trepic virus type I (HTLV-I) in their 
serum ad cerebrospinal fluid 
(CSF). The diagnostic term “HTLV- 
I-associatee myelopathy” (HAM) has 
been proposed for myelopathies 
caused by this retrovirus.** Recently, 
type C parvicles were found in sam- 
ples of CSF cells from a patient with 
myelopathy * Although patients with 
HAM Fave antibodies against HTLV- 
I, the causæive virus in patients with 
HAM may differ from HTLV-I in 
patients with adult T-cell leukemia 
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(ATL). In this regard, Yoshida et al‘ 
reported that the viral genomes 
detected in peripheral leukocytes of 
patients with HAM were indistin- 
guishable from those found in 
patients with ATL. To verify whether 
or not the retrovirus at the site of the 
lesions in the spinal cord of patients 
with HAM is identical to the HTLV-I 
strain found in ATL, we isolated a 
virus developed from an interleukin 
2-dependent T-cell line established 
from the CSF cells of a patient with 
HAM. 


REPORT OF A CASE 


A 56-year-old man who had a gait dis- 
turbance with a slowly progressive course 
along with sphincteric disturbance of four 
years’ duration was examined. Neurologic 
findings revealed spastic paraplegia with 
mild sensory disturbance below the L-4 
level. Physical examination did not dis- 
close lymphadenopathy, abnormal skin 
lesions, or hepatosplenomegaly. Myelogra- 
phy and a metrizamide-labeled computed 
tomographic scan of the spinal cord 
showed no abnormalities. A CSF sample 
contained 7 X 10°/L cells (mostly mononu- 
clear) and had a protein level of 0.29 g/L. 
The titers of serum and CSF antibodies to 
HTLV-I were 1:512 and 1:32, respectively, 
using the gelatin particle agglutination 
method (Serodia-ATLA kit)” This was 
confirmed by Western blot analysis with 
an MT-2 cell lysate.” Although the patient 
had a normal white blood cell count 
(4.2 X 10°/L) without lymphocytosis, atypi- 
cal lymphocytes were found in the periph- 
eral blood (5%) and in the CSF samples. 
Results of biochemical studies rr 
ses of electrolytes were norma 


MATERIALS AND METHODS 
Establishment of Cell Line 


A 10-mL CSF sample was centrifuged at 
800 rpm for ten minutes, and the sedi- 


mented cells were suspended in RPMI-1640 
solution, supplemented with 4 mmol/L of 
L-glutamine, 20% fetal bovine serum, 10% 
interleukin 2, 200 U/mL of penicillin, and 
200 ug/mL of streptomycin. Cells were 
seeded at a density of 6X10‘ cells per 
milliliter in a 48-well plastic tray, and 
growth medium was changed every four 


5 


days. A continuous cell line was estab- "I 


lished one month later. This cell line, 
named HCT-1, has been maintained in 
culture with interleukin 2 for six months. 
Chromosome analysis revealed that HCT-1 
contained the Y chromosome. 


Electron Microscopy 


Cultured T cells were centrifuged at 1000 
rpm for ten minutes. The cell pellets were 
fixed in 2% glutaraldehyde in 0.1 mol/L of 
cacodylate buffer (pH, 74) and in 1% 
osmium tetroxide for two hours each at 
4°C. The pellets were then dehydrated in a 
graded series of alcohol solutions, stained 
en bloc with uranyl acetate and embedded 
in an epoxy resin (Epon 812). Thin sections 
were stained with lead citrate-and photo- 
graphed with an electron microscope (JEM 
1200 cx). 


Southern Blot Analysis 


The proviral sequence integrated in the 
HCT-1 cell DNA was analyzed by Southern 
blot analysis.’® Cellular DNA, extracted 
frome HTC-1 cells, was digested with 
restriction endonucleases (Eco R I, Sac I, 
Dra I, and Pst I), size-factionated by aga- 
rose gel electrophoresis, and transferred to 
a nitrocellulose membrane, which was 
hybridized with 1X10 cpm of DNA 
labeled with phosphorous 32 containing 
the entire HTLY-I sequence” for 18 hours 
at 65°C in a solution of 0.6 mol/L of sodium 
chloride to 0.06 mol/L of sodium citrate, 
and 0.1% bovine serum albumin to 0.1% 
povidone to 0.1% nonionic synthetic poly- 
mer of sucrose (Ficoll 400) containing son- 
icated and heat-denatured Escherichia coli 
DNA (100 ug/ml). After hybridization the 
filter was washed with a mixture of 0.075 
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mol/L of sodium chloride and 7.5 mmol/L 
of sodium citrate at 65°C and exposed to 
x-ray film. 


RESULTS 


The HCT-1 cells were positive for 
OKT3, OKT4, and OKT11 markers, 
and negative for OKT8 and 2H4 mark- 
ers in flow cytometric analysis. These 
cells reacted with the serum samples 
of patients with HAM and ATL but 
not with serum samples from subjects 
negative for HTLV-I in an indirect 





Fig 1.—Electron micrograph of type C virus 
particles in extracellular space of pelleted 
HCT-1 cells. Bar measures 1 um. 


immunofluoreseence assay. On West- 
ern blot analysis, cell lysates of HCT-1 
gave specific bands at 19 kilodalton 
(kD) 24 kD and 37 kD with serum 
samples from patients with HAM and 
ALT, and not with serum samples 
from normal adults. 

Type C retrovirus particles, mea- 
suring 92 to 154 nm or more in diame- 
ter, were found in the extracellular 
space (Fig 1). Virions contained a cen- 
tral nucleoid (diameter, 40 to 92 nm) 
surrounded by an outer envelope. No 
budding particles were found. 

EcoRI and Sac I have no cleavage 
sites within the HTLV-I genome, 
while there are several Ora I and Pst I 
sites (Fig 2, left). As a standard, a rat 
T-cell line (TART-1) infected with 
HTLV-I was used because one copy of 
the provirus is integrated in each 
cell. As shown in Fig 2, right, the Eco 
R I and Sac I digests of HCT-1 DNA 
gave broad bands larger than 9 kilo- 
bases (kb) (which is the genomic size 
of HTLV-I), indicating that multiple 
copies of the proviruses were inte- 
grated in HCT-1 DNA. Digestion of 
HCT-1 DNA with Dra I generated 5.6- 
and 2.1-kb fragments that were iden- 


tical to those in TART-1 DNA. These 
two bands represented the internal 
fragments of HTLV-I, as shown in the 
restriction map (Fig 2, left), indicat- 
ing four Dra I sites in common 
between the proviruses in HCT-1 and 
TART-1. The 4.8-kb fragment and 
other minor fragments may represent 
defective or mutated proviruses in 
HCT-1 DNA, since HCT-1 cells con- 
tain multiple copies of provirus, and 
HCT-1 could be heterogenous popula- 
tion. The other faint bands in the Dra 
I digest represented several cellular 
flanking sequences containing a piece 
of long terminal repeat and some 
defective proviral genomes in HCT-1 
cells. Pst I cleaves the HTLV-I 
genome at five sites and generates 
three moderate-sized fragments: 2.5, 
1.8, and 1.6 kb. Three bands, corre- 
sponding exactly to these sizes, were 
detected as major bands in HCT-1 
DNA following Pst I digestion, indi- 
cating that in the HCT-1 provirus the 
Pst I sites are in common with those 
in HTLV-I. The other hybridizing 
sequences in the Pst I digest repre- 
sented DNA fragments containing 3’ 
viral sequences and cellular flanking 


Paes .e 7 8 


Fig 2.—Left, Horizontal lines represent human T-cell lymphotropic virus 
type | proviral genome and vertical arrowheads indicate cleavage sites 
of Dra | and Pst |. Right, Southern blot analysis of provirus DNA 
integrated in created cell line (HCT-1). Total genomic DNA (10 ug) from 


HCT-1 (lanes 1 to 4) and rat T-cell line (TART-1) es 5 to 8) were 
digested with EcoR | (lanes 1 and 5), Sac! (lanes 2 Dra | (lanes 


3 and 7) and Pst | (lanes 4 and 8); size fractionated by el ophoresis 
on agarose gels; and transferred to nitrocellulose membrane. The 
probe was cloned human T-cell lymphotropic virus type | DNA covering 
entire viral genome. Size markers at left represent the Hind Ill digest of 
\-DNA. kb indicates kilobase. 
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sequences (Fig 2, left), indicating mul- 
tip integration sites in HCT-1 
DNA. 


COMMENT 


Gar data indicate that the virus 
iso ted from a T-cell line established 
from the CSF cells of a patient with 
HAM was indistinguishable from 
HTL\V-Lin patients with ATL. As only 
four restrict on enzymes were used in 
thie study, small differences cannot be 
comoletely riled out. Although minor 
difsremces, such as base substitu- 
tioms, insercions, or deletions, may 
exis-, the restriction sites were identi- 
cal. excludixg the pcssibility that a 
sukpopulatim of HTLV-I propagates 
pre 2rentialy in CSF or neural cells 
to imduce HÆM. The existence of ATL- 
like cells in the samples of CSF, or 
per heral slood, or both suggests 
thas HTLV-I in HAM hħas similar 
effects cn T 2ells as in ATL. 

£-ypieal Wymphocytes (usually less 
thar 1% of tne white blood cells) were 
found in theperipheral blood samples 
of patients with HAM.‘ Although the 
patent in this study had a greater 
number of atypical lymphocytes in the 
per heral »slood samples than the 
patents deszribed by Osame et al,’ 


l- Sessain A Barrin F, Vernant JC, et al: 
Antihocies to h man T-lymphotropic virus type- 
I im :atients wth tropical spastic paraparesis. 
Lavecet 1985;2:4€7-410. 

2. Rodgers-Jennson P, Gajdus2k DC, Morgan 
OSE, et al: HCLY-I and HTLV-III antibodies 
and -ropical spastic paraparesis. Lancet 1985; 
2:122°-B2S. 

3. Jsame M, Jsuku K, Isumo S, et al: HTLV-I 
ass@miatec myeopathy: A new clinical entity. 
Larecet 1986;1:1631-1032. 

4. Dsame M, Matsumoto M, Usuku K, et al: 
Chreaicprogressive myelopathy associated with 
elevacec antibciies to human T-lymphotropic 
virus typeI an» adult T-cell leuxemialike cells. 
Anre Neal 19873;21:117-122. 

5..inose Y, Uemura Y, Fujishita M, et al: 
lsol<tion ef HT” V-I from cerebrospinal fluid of a 
patat with mzelopathy. Lancet 1986;2:397-398. 

6. Joshida M Osame M, Usuku K, et al: Virus 
dete=ec in HTLV-I associated myelopathy and 
adu= T-cell leukemia are identical on DNA blot- 
ting Lancet 19&7;1:1085-1086. 

7. kede M, Gujino R, Matsui T, et al: A new 
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there were no clinical manifestations 
of ATL. In comparison with HAM, 
atypical lymphocytosis in the periph- 
eral blood samples of patients with 
TSP has not been previously reported, 
except for the case of a single Jamai- 
can patient.'’> Very recently, Bhaga- 
vati et al’* reported that HTLV-I was 
detected from samples of the periph- 
eral blood lymphocytes and CSF of 
patients with TSP. They reported that 
the Southern blot analysis of DNA 
from samples of fresh peripheral 
blood mononuclear cells for HTLV-I 
was negative for all of 11 patients 
with TSP, although HTLV-I se- 
quences were detected with an enzy- 
matic in vitro DNA-amplification 
technique. Thus, they have concluded 
that the copy number of HTLV-I in 
the peripheral blood is very low. Con- 
versely, Yoshida et alí reported that 
HTLV-I sequences were detected in 
samples of fresh peripheral blood 
lymphocytes in eight of nine patients 
with HAM, in random integration. 
These facts suggest that the copy 
number of HTLV-I in the peripheral 
blood of patients with HAM is higher 
than in patients with TSP. The high 
copy number of HTLV-I might be 
related to the existence of atypical 
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lymphocytes in the peripheral blood 
of patients witk HAM. In this regard, 
HAM might be dissimilar to TSP, 
although the clinical and pathological 
features of HAM are similar to those 
of TSP.56 

Finally, our findings are consistent 
with a previous reporz demonstrating 
that the provirus detected in samples 
of peripheral blood lymphocytes of 
patients with HAM is indistinguish- 
able from HTLV-I in patients with 
ALT.‘ However, the possibility still 
remains that slight d_fferences in the 
HTLV-I strain isolated from periph- 
eral blood samples in patients with 
HAM account for their neurotro- 
pism.” Further conclusions must wait 
sequence analyses of these provi- 
ruses. 
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A Community-Based Study of 
Parental Age at the Birth of Patients 
With Dementia of the Alzheimer Type 


Katsuya Urakami, MD; Yoshiki Adachi, MD; Kazuro Takahashi, MD 


@ The association of dementia of the 
Alzheimer type (DAT) with parental age at 
the birth of patients who develop DAT was 
investigated in a community-based study 
in Japan. Both maternal and paternal ages 
of patients who have developed DAT are 
significantly higher than those in controls 
and multi-infarct dementia. This study 


-~ suggests that advanced age may become 


a cause of chromosome abnormality, and 

advanced parental age at subjects’ birth 

may be a possible risk factor in DAT. 
(Arch Neurol 1989;46:38-39) 


number of studies have identified 

some structural and biochemical 
similarities between dementia of the 
Alzheimer type (DAT).and Down’s 
syndromé. Heston’ has reported the 
data, which support a common genetic 
cause for DAT and Down’s syndrome. 
Cohen et al’ first described the fact 
that offspring born to comparatively 
old mothers may be at high risk of 
DAT. However, the association of 
DAT with maternal age has not been 
clarified yet, and it is still contfover- 
sial.“ ; 

This study examines the association 
of DAT with parental age at the birth 
of patients presently suffering from 
DAT. 
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SUBJECTS AND METHODS 

The areas we investigated were Daisen 
and Kishimoto, Tottori Prefecture and 
Ama, Shimane Prefeeture, situated at lati- 
tude 35°20’ to 36°7’ north and longitude 
133°22’ to 183°43’ east, in western Japan. 
The area of Daisen is 85.4 km’, and its 
population was 7740 on the day of the 
survey in 1981. According to the census of 
1981, 44.1% of the people were engaged in 
agriculture, 20.4% in industry, and 35.5% 
in commerce. Investigation was started on 
Dec 31, 1981. 

The area of Kishimoto is 39.61 km?, and 
its population was surveyed in 1984. 
According to the census of 1984, 27.6% of 
the people were engaged in agriculture, 
25.4% in industry, and 47.0% in commerce. 
Investigation was started on Dec 31, 1984. 

Ama is one ef the islands of the Oki 
Island group. The area is 33.45 km’, and the 
population was 3452 in 1984. According to 
the census of 12984, 37.5% of the people 
were engaged in fishing and agriculture, 
12.5% in industry, and 50% in commerce. 
Investigation was started on Dec 31, 1984. 

We examined the final results on Dec 31, 
1987. All patients with clinically diagnosed 
DAT and multi-infaret dementia (MID), 
who had been followed up for more than 
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Table 1.—Profiles of the Subjects * 


Subjects 
rl Age, y 
Total No. Male Female (Mean + SD) 
52 29 23 


three years, were entered in this study. 
Our sample consisted of 77 patients (16 
males, 61 females) with DAT and 52 
patients (29 males, 23 females) with MID. 
Dementia of the Alzheimer type was diag- 
nosed on the basis of a history of progres- 
sive dementia with a gradual onset accord- 
ing to the diagnostic criteria of Diagnostic 
and Statistical Manua of Mental Disor- 
ders, ed 3,’ and the Netional Institute of 
Neurological and Communicative Disor- 
ders and Stroke and the Alzheimer’s Dis- 
ease and Related Diserders Association 
criteria.* Dementia caused by other possi- 
ble diseases was excluced. Assessment of 
the patients involved a careful medical 
history and physical examination, includ- 
ing a drug inventory, a neurologic evalua- 
tion, a comprehensive cognitive evaluation 
with the use of Functional Assessment 
Staging of Alzheimer’s disease staging,’ 
the Mini-Mental Status examination, ° the 
Blessed Dementia score.” Activity of Daily 
Life evaluation with the Bartel index,’ a 
psychosocial assessment of the patients’ 
environment, routine laboratory tests, and 
a computed tomographie scan. An ischemic 
score by Hachinski et al’ was used to 
distinguish DAT from MID. Cases with 
combined DAT and MID were excludad. 







15 77.97 + 7.52 
29 78.07 + 7.52 













* DAT indicates dementia of the Alzheimer type; MID, multi-infarct dementia. P < .01, P < .05, vs MID, 
Student's t test; P < .02, vs subnormal group, Student's t test; and P < .001, P <.02, vs normal group, 
Student's f¢ test. 
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Table 2.—Age of Parents at Subjects’ Birth for Patients With DAT and MID, 
and Control Subjects * 


Mothers, Age, 
“ y Fathers, Age, y 
(Mean + SD) (Mean + SD) 


26.58 + 6.63TF 31.44 + 8.65§|/{ 
24.12 + 5.73 
23.86 + 4.85 
25.00 + 5.46 


26.29 + 5.65 
27.91 + 6.08 





“DAT indicates dementia of the Alzheimer type; MID, multi-infarct dementia. 


ISE) amo 
§Px< O° 
F< .00i 
TF < .Of vs stonormal 


} vs normal 


Centrol dat- were obtained from 91 per- 
sons 147 malesand 44 females) of about the 
same ageand with a similar socioeconomic 
statis who were not demented and who 
were from th same areas. We examined 
all persons aged over 65 years in the same 
areas at the same time and selected nonde- 
mered and healthy people as control sub- 
jects through the same examinations as 
sted abeve. Furthermore, control subjects 
wer=divided iato two groups as follows: (1) 
the sormal greup hac stage 1 in Functional 
Assessment Saging ef Alzheimer’s disease 
staging and 3 points in Mini-Mental Sta- 
tus examinateon.? The subnormal group 
nad stage 2 and 20 to 29 points in Mini- 
Mertal Statu: examination. The normal 
group conmsistel of 35-persons (20 males, 15 
females). “Normal” in this article means 
“exeellent in mtelligence.” Intelligence in 
the people of the normal group is superior 
to that of th people of the subnormal 
gromo. Tse smnormal group consisted of 
56 persoms (27 males, 29 females). Profiles 
ef tee subjects are shown in Table 1. There 
are mo statistecally significant differences 
between Meamages in patients and control 
subsects. Theme were ditferences between 
numbers of males and females, but mean 
pareatal ages of males and females show 
no sgnificant differences in all patients 
andontro! subjects. 

Parental ages at the time of birth of the 
pati=nts and control subjeets were all 
estaclished through birth certificates. In 
addon, we zonfirmed by birth certifi- 
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cates that all fathers in this examination 
were wedded husbands. 

Statistical evaluation of the results was 
performed by Student’s t test. 


RESULTS 


The results of the mean maternal 
and paternal ages are shown in Table 
2. The mean maternal age at the time 
of the subjects’ birth in patients with 
DAT was not significantly higher 
than in the subnormal group. Howev- 
er, the mean maternal age in patients 
with DAT was significantly higher 
than in the normal group and in 
patients with MID. The mean pater- 
nal ages at the time of subjects’ birth 
in patients with DAT was significant- 
ly higher than that in the normal 
group, in the subnormal group, and in 
patients with MID. 

Both maternal and paternal ages of 
the normal, the subnormal, and DAT 
groups, respectively, tended to ad- 
vance. 


COMMENT 


The association of DAT with paren- 
tal age is controversial in previous 
reports.** We think that this was due 
both to the selection of subjects and 
controls and to the method of investi- 
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gation of parental age at the subjects’ 
births. Although the patients’ condi- 
tions were clinically ciagnosed in this 
study, we examined all cases of DAT 
without selection in zhe investigated 
areas. Patients with MID and control 
subjects who lived in the same areas 
were chosen. 

We examined birth certificates in 
all cases, and our method of examina- 
tion was precise. 

As shown in Table 2, both paternal 
and maternal ages at the birth of 
patients who developed DAT are sig- 
nificantly higher than in the control 
subjects. This result supports the 
report of Whalley et al’ that DAT is 
associated with not only advanced 
maternal age, but also with paternal 
age. Maternal and peternal ages are 
highly correlated in any population, 
and perhaps especially in Japan; 
hence it is difficult to determine 
whether maternal or paternal age 
may contribute more to development 
of DAT. 

When the control subjects were 
divided into two groups, both mater- 
nal and paternal ages in the normal, 
the subnormal, and DAT groups, 
respectively, tended te advance. These 
results suggest that intelligence in 
aged people may have slight correla- 


tion with ages of parents at the birth © 


of the subjects investigated in this 
article. 


Ages of parents of patients develop- - 


ing MID were significantly lower than 
those in the DAT groap and were the 
same as in control sudjects. This rea- 
son is not clear. 

This study suggests that advanced 
age may become a céuse of chromo- 
some abnormality, and advanced 
parental age at subject’s birth may be 
a possible risk factor in developing 
DAT. 
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Neuropsychological Test Findings 
in Subjects With Leukoaraiosis 


Stephen M. Rao, PhD; Wiley Mittenberg, PhD; Linda Bernardin: 


Victor Haughton, MD; Gary J. Leo, DO 


è Focal periventricular white-matter 
changes (leukoaraiosis) have been identi- 
fied incidentally on brain imaging in nor- 
mal healthy individuals and more com- 
monly in the elderly and in hypertensive 
individuals. It has been suggested that 
leukoaraiosis represents the early stages 
of Binswanger’s leukoencephalopathy, a 
dementing process thought to be related 
to hypertensive cerebrovascular disease. 
To test this hypothesis, extensive neuro- 
psychological tests were administered to 
50 consecutive normotensive, middle- 
aged, healthy volunteers. Ten subjects 
(20%) had white-matter changes on mag- 
netic resonance scans; 40 subjects (80%) 
had normal scans. The differences ob- 
served on neuropsychological testing 
between subjects with and without leu- 
koaraiosis were not significant. While this 
study argues against a link between leu- 
koaraiosis and dementia, prospective lon- 
gitudinal studies are needed to determine 
the value of leukoaraiosis in predicting 
future cognitive decline. 

(Arch Neurol 1989;46:40-44) 


rontal regions of abnormality in 

the periventricular white matter 
are a common incidental finding in 
computed tomographic (CT) and espe- 
cially magnetic resonance (MR) scans 
of patients and healthy subjects." 
Since the origin and clinical signifi- 
cance of these lesions are unknown, 
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the descriptive term, leukoaraiosis 
(thinning of cerebral white matter), 
has been proposed” to describe these 
changes. 

It has been hypothesized by Román‘ 
that leukoaraiosis is an early form of 
ischemic periventricular leukoence- 
phalopathy (Binswanger’s disease), a 
dementing illness that results from 
small strokes or hypoperfusion of the 
watershed areas irrigated by the long, 
penetrating medullary arteries. The 
hypothesis that leukoaraiosis is an 
early sign of Binswanger’s disease is 
based in part on the higher prevalence 
and greater severity of leukoaraiosis 
in hypertensive patients.!245782 A 
relationship between leukoaraiosis 
and Binswanger’s disease would have 
significance for the management of 
hypertension and possibly the preven- 
tion of ene type of dementia. 

Other explanations for leukoaraio- 
sis have been proposed. Awad et al’ 
have argued that leukoaraiosis repre- 
sents “etat criblé,” ie, extracellular 
water surrounding ectatic blood ves- 
sels, a clinically insignificant finding 
that probably occurs with normal 
aging. Zimmerman et al? also attrib- 
uted increased periventricular signal 
intensity to water in the extracellular 
space in the cerebrum. Finally, 
Hachinski et al” suggested that sym- 
metrical periventricular white-matter 
changes may represent a normal pen- 
etration of cerebrospinal fluid into 
adj brain tissue. These explana- 
tions do fot presuppose a relationship 
between leukoaraiosis and dementia 
or hypertension. 

Two studies have used neuropsycho- 
logical testing to determine if leuko- 


araiosis is associated with diminished 
cognitive functions or dementia. 
Brant-Zawadzki et al’ found no evi- 
dence of impairment in intelligence, 
memory, or verbal associative fluency 
in a small sample of healthy subjects 
with leukoaraiosis when compared 
with subjects without leukoaraiosis. 
Steingart et al,' on the other hand, 
found significant group differences on 
a brief mental status examination 
between normal volunteers with and 
without leukoaraiosis. Deficits were 
observed on test items that assessed 
fluency of sentence construction, 
memory for two sentences, and orien- 
tation to time. 

In light of the conflicting informa- 
tion to date, the present study was 
designed to determine the extent to 
which leukoaraiosis is associated with 
cognitive dysfunction. Neuropsycho- 
logical test performance was assessed 
with a more comprehensive evalua- 
tion of cognitive abilities than in pre- 
vious studies. Since declines in mental 
efficiency have been shown to be 
directly related to hypertension and 
advanced age per se,'*'* we chose to 
eliminate these potentially confound- 
ing risk factors by examining normo- 
tensive, middle-aged individuals. 


SUBJECTS AND METHODS 
Subjects 


Healthy adult volunteers between 25 and 
60 years of age were recruited by means of 
newspaper advertisements. Subjects were 
excluded if they had a history of hyperten- 
sion, cardiac or cerebrovascular disease, 
neurologic illness or injury, substance 
abuse, or psychiatric illness. Subjects who 
were taking psychoactive medications 
were also excluded. In addition to an MR 
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scar ami nerropsychological testing (see 
belew), all susjects underwent a neurologi- 
cal examination (conducted by G.J.L.), 
blod pressure measurement, and the 
Mis -Mental State examination, a demen- Subject > Size, mm Location 
tia -ating seale.” Informed consent was Adjacent to R and L 


obtained accarding to institutional guide- oceipital and L frontal 
li horns, bilateral centrum 


semiovale, corpus 


MR Imaging callosum, adjacent to R 
lenticular nucleus 


isla superconductive magnet, Twenty 
1.5-tesla supe-conductive magnet. Twenty centrum semiovale 
comguous amial slices of 5-mm thickness 3 3 1-13 Adjacent to R occipital horn, 
we gererated. A spin-echo protocol was bilateral centrum 
usea with a repetition time cf 2 s and two semiovale 
eche times of 25 and 80 ms. An index of Bilateral centrum semiovale, 
severity of white-matter abnormalities adjacent to body of R 
was computee for each subject with leu- lateral ventricle 
koaraiosis by -umming the maximal diam- Bilateral centrum semiovale, 
eter (im millimeters) of the observed adjacent to body of L 
lesieas. Lesions that extended over several lateral ventricle and L 
slices wese measured at the slice that had frontal: hom, posterior $ 


ta ; tempora! horn 
the largest lesion diameter. me ; 
Bi ateral centrum semiovale, 


posterior limb of L 
internal capsule 

Tae neuropeychological tesz battery con- 
sisted of measures of verbal intelligence, 8 5 1-6 Bilateral centrum semiovale, 
memory, abssract/conceptual reasoning, R frontal and L occipital 
attætiom”conventration, language, visuo- lobes 


spasial skills, and moter functions. This 
pe ansiva ‘> the disruptive effects of a 
be sensitive t» the disruptive effects of a vontiicle 

subeertical, wnite-matter pathologic con- 
ditien (multiple sclerosis)."* The specific 
eogritive tess are briefly summarized 
belo. | 

V bal intelligence was assessed with six 
subsests iom the Wechsler Adult Intelli- 
gens Seale-revised”: Vocabulary, Infor- 
maten, Digit Span (see attertion/concen- 
trateen tests below), Comprehension, Simi- 
laris, and Arithmetic. 

The recent memory tests consisted of the 
Busdhake Vernal Selective Reminding 
Test the 7/2- Spatial Recall Test,” and 
the Story Reesl!l Test”? (administered with 
immediate, one-hour, and 24-nour delayed 
reca ). Remot memory was assessed by 
askiaz the subs ects to recall tre past eight 
US presidente (President’s Test).” The 
ratect ferzetting from immediate memory 
was assessed with the Brown-Peterson 
Intexteremee Test™ using 0-, 3-, 9-, and 
18-s Selzys; the stimuli were three 3-letter 
wores, and the interfererce task consisted 
of eeanting backward by 3's during the 
Gela> interval. 

Abstract/comceptual reascning skills 
were assessed with the Wiszonsin Card 
Sortmg “Best,” Booklet Category Test,” 


Table 1.—Number, Size, and Location of White-Matter Lesions in Subjects With 
Leukoaraiosis 





Neuropsychological Testing 


be 


Staniiard Raven Progressive Matrices,” 
Stroes OCslor/Word Interference Test,” 
and Sooper Vi ual Organization Test.” 

Ateentien/concentration skills were 
meas-red with *orward and backward Dig- 
it Sean (Werhsler Adult Intelligence 
Seale-revised mstructions), & simple vs 
two-@hoiee rea tion time,” the Sternberg 
HighSpeed Scanning Test,” and the Paced 
Audi-ory Seria Addition Test? (using two 
rates of stimums presentation: one digit 
per Zər 3 5). 

Language measures consisted of an 


Sex, M/F, No. 

Age, y 

Education, y 

Estimated premorbid IQ 


Mini-Mental State 
examination score 


Blood pressure, mm Hg 
Systolic 


Diastolic 


Leukoaraiosis 
rea__—_"—_— YW O°! Ow OK 
Yes (n = 10) 

1/9 10/30 
47.1 (7.8) 42.8 (8.1) 
14.0 (1.9) 

106.5 (5.8) 108.1 (6.3) 


29.8 (0.4) 29.8 (0.5) 


124.0 (9.8) 122.6 (18.6) 
77.6 (9.6) 75.3 (11.3) 





abbreviated vesion of the Boston Naming * All probability values were not significant; these values were derived from two-tailed ftest, except for sex, 
Test.” Controlled Oral Word Association which was derived from xê test. Values, within table, are given as mean (SD), except for sex. 
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Leukoaraiosis, Mean (SD) 


LLL LLL 
Neuropsychological Test Yes (n = 10) No (n = 40) 














Verbal intelligence 





WAIS-R Verbal IQ 106.0 (10.5) 108.9 (11.9) NS 
Information (age-corrected scores) 10.5 (2.0) 11.2 (2.4) NS 
Vocabulary 11.5 (2.2) 11.6 (2.9) NS 
Comprehension 11.5 (2.4) 12.1 (2.6) NS 
Similarities 11.2 (2.0) 11.5 (2.6) NS 
Arithmetic 11.5 (1.8) 11.4 (2.6) NS 
| Memory 
| Selective Reminding Test 
Long-term storage (144) 106.4 (24.2) 113.3 (25.3) NS 
Consistent long-term retrieval 72.4 (28.0) 85.7 (35.0) NS 
7/24 Spatial Recall Test 
Sum recall (35) 29.0 (3.4) 31.2 (4.9) NS 
Delayed recall (7)+ 5.5 (1.8) 6.3 (1.2) NS 
Story Recall Test 
Immediate recall (23)+ 14.5 (2.8) 14.7 (3.2) NS 
1-h delayed recall 12.7 (3.1) 13.8 (2.9) NS 
24-h delayed recall 12.0 (3.1) 13.0 (3.1) NS 
| ie President's Test 
| x Total score (8)+ 6.3 (1.3) 7.1 (1.0) <.04 
=n Brown-Peterson Interference Test 
P O-s delay (15)+ 14.7 (0.7) 14.9 (0.3) NS 
3-s delay 17.5 (2.9) 11.6 (2.3) NS 
9-s delay 6.9 (2.9) 7.3 (2.5) NS 
18-s delay 43 (1.8) 6.5 (2.9) <.03 
Abstract/ conceptual reasoning 
Wisconsin Card Sorting Test 
Categories completed (6)ł 5.1 (1.9) 5.0 (1.8) NS 
Perseverative errors 19.5 (24.5) 15.8 (15.9) NS 
Booklet Category Test 
| Total errors 61.0 (28.8) 52.9 (27.5) NS 
E Raven Progressive Matrices 
$ No. correct (60) 46.2 (6.6) 49.7 (8.3) NS 
Stroop Interference Test 
at Color /word-word condition, s 59.4 (17.3) 53.7 (23.8) NS 
aS: Hooper Visual Organization Test 
T score§ 53.8 (4.6) 51.0 (6.6) NS 
af Attention / concentration 
4 Digit Span 
Prs Forward 7.4 (2.1) 8.7 (2.2) NS 
2 Backward 7.5 (1.9) 7.4 (2.5) NS 
= Reaction time 
> Complex-simple RT, ms 177.8 (58.7) 169.2 (68.9) NS 
Sternberg High Speed Scanning Test 
z Scan rate, ms/digit 71.9 (48.8) 75.1 (34.7) NS 
y intercept, ms 580.3 (197.3) 522.4 (135.9) NS 
g Paced Auditory Serial Addition Test 
k % correct, easy (60) 50.1 (7.4) 50.0 (8.7) NS 
E % correct, hard (60)+ 37.0 (7.5) 39.2 (9.2) NS 
ai Language 
: Abbreviated Boston Naming Test 
E Total correct (15) e 13.8 (1.3) 14.2 (1.4) NS 
Controlled Oral Word Association Test 
a Total words .génerated 46.0 (16.4) 47.0 (10.2) NS 
A Category Word Generation 
p~ Total words generated 19.6 (7.2) 22.8 (4.5) NS 
x Visuospatial skills 
t", Judgment of Line Orientation Test 
l No. correct (35)+ 26.2 (3.8) 26.9 (4.7) NS 
k Facial Recognition Test 
No. correct (58) 44.7 (4.1) 48.2 (3.6) <01 
Visual Form Discrimination Test 
No. correct (32)+ 30.3 (1.7) 30.1 (3.0) NS 


*WAIS-R indicates Wechsler Adult Intelligence Scale-revised: NS. not Significart. 


tDerived from two-tailed t test. 


Value in parentheses represents maximum score for test variable. 
§T score is a conversion of raw score values to standardization norms with mean = 50 and SD = 10. 
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Neumpsychelogical Test 


Motor skills T scores§) 
Grip stremgth 
Bominent hand 
Nondorinant hand 
Finger-tapming 
Dominant hand 
Nondorinant hand 
Staic steadiness 
Deminamt hand 
Nindorainant hand 
Maz coc dination 
Deminast hand 
Niendorainant hand 





Test (F-A-S wrsion),* and Category Word 
Generaton Test ‘animal names ver- 
sions.” 

Vssuospatiz! skills were assessed with 
thr== Beaton t al” tests: Judgment of Line 


Ormntation, Facial Recognition, and 
Viszal Form Discrimination. 
Uoper-extr=mity motor functions were 
assessed wit] the Wisconsin Motor Bat- 
ter>** which included measures of grip 
strength finger-tapping speed, static 
steadiness, amd maze coordination. 


Sstistical Analysis 


Tke micrommputer version of the Sta- 
tistical Packawe for the Social Sciences was 
usel.”’ All grcap comparisons consisted of t 
tess with two-tailed significance levels. 
Pearson's correlation was used to deter- 
mine therela-ionship between the index of 
severity and r=uropsychologizal test scores 
for subjects with leukoaraiosis. 


RESULTS 


F fty-four volunteers meeting the 
exdusienar* criteria were enrolled in 
the study. Four subjects were ex- 
cluded irom the final analysis: three 
subjects didmot undergo MR scanning 
(twe had elaustrophobie reactions, 
anc one was too large for the scan- 
ner} and on» subject had an abnormal 
MF scan (a arge middle cranial fossa 
arachneid evst). Of the remaining 50 
subjects, ter (20%) had at least one 
whe-matte abnormality on MR 
imaging (le-koaraiosis group), and 40 
subjects had norma! MR scans. A 
total of 55 white-matter lesions were 
observed in -he ten subjects with leu- 
kograiosis; the lesions ranged from 1 
to _3 mm in diameter (Table 1). 
Examples o such abnormalities are 
shown im tl Figure. All 50 subjects 
hac normal neurological examination 
results. 

There weve no significant differ- 
ences between subjects with and with- 
out leukoarziosis regarding age, sex, 
education, «stimated IQ (computed 
from demographic variables”), Mini- 
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Yes (n = 10) 


49.1 (9.4) 
50.8 (9.5) 


50.7 (5.7) 
52.2 (4.7) 


61.9 (3.5) 
61.5 (4.0) 


55.1 (4.0) 
56.5 (5.0) 


Mental State examination, or mean 
systolic and diastolic blood pressures 
(Table 2). 

Neuropsychological test findings 
for the two groups are presented 
in Table 3. Forty-two of 45 group 
comparisons were not significant 
(P > .05). Two statistically significant 
group differences would be expected 
by chance at the significance level of 
P equals .05. 

Forty-four of 45 correlations be- 
tween the index of severity and neu- 
ropsychological test scores in the sub- 
jects with leukoaraiosis were not sig- 
nificant (P > .05). 


COMMENT 


The present study found no associa- 
tion between leukoaraiosis and cogni- 
tive impairment. Subjects with and 
without leukoaraiosis performed sim- 
ilarly on neuropsychological testing. 
The proportion of subjects found to 
have leukoaraiosis in the present 
study (20% ) is similar to that found in 
previous MR investigations of healthy 
individuals.*® There was no relation- 
ship between the severity of leuko- 
araiosis on MR scans and perfor- 
mance on cognitive tests. Although 
the study was based on a small sam- 
ple, it used a more comprehensive 
neuropsychological examination than 
previous studies. 

Our investigation differs from pre- 
vious studies in that we excluded 
elderly and hypertensive subjects. The 
cause of the high-signal intensity foci 
on MR may be different for old and 
young and for normotensive and 
hypertensive populations. Histopath- 
ological studies*“° have shoyger*that 
leukoaraiosis may represerft diverse 
processes: infarction from hyperten- 
sive arteriolar disease, myelin pallor, 
atrophic perivascular demyelination, 
vascular malformations (eg, telangi- 
ectasia), and/or état criblé. Current 


Leukoaraiosis, Mean (SD) 
oe 












No (n = 40) 


46.1 (7.7) NS 
48.8 (9.0) NS 
52.6 (6.7) NS 
52.4 (5.5) NS 
60.9 (4.5) NS 
60.9 (5.6) NS 
54.0 (7.8) 


55.9 (6.2) 


imaging technology does not allow 
discrimination of |eukoaraiosis of var- 
ious causes, each of which may not 
have the same neuropsychological 
implications. 

Our cross-seetional] research design 
did not support the hypothesis that 
leukoaraiosis is associated with cogni- 
tive decline. However, the hypothesis 
that leukoaraiosis predicts dementia 
should be evaluated as part of a pro- 
spective, longitudinal study with MR 
scans and neuropsychological testing. 
In addition, patient populations at 
high risk for developing leukoaraiosis 
and possibly dementia (eg, hyperten- 
sive patients) should be studied, 
either with cross-sectional or longitu- 
dinal research designs. 


This investigation was supported in part by 
Research Career Development Award K04 
NS01055 and Research Grant R01 NS22128 from 
the National Institute of Neurological and Com- 
municative Disorders and Stroke, Washington, 
DC (Dr Rao). 
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CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 
Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
plod pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism assotiated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity. There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pan. Although these effects occur most commonly with long-term therapy at relatively high doses, they 

ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 


or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot® P-B. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an atlack— 


PRODROMAL PHASE| PAIN PHASE 

2 tablets at start of attack; | additional tablet 
every '4 hour, if needed for full relief 

| ‘br 













| suppository at start of attack, second sup- 
pository after | hour, if needed for full relief 


Early Administration Gives Maximum Effectiveness 


MAXIMUM ADULT DOSAGE e 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectailly: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotamine tartrate and caffeine) 

are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects will 

be overshadowed by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and cyanosis 

of the extremities associated with diminished or absent panes pulses; hypertension or hypotension; 

drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 

eran scotomata in a patient who received five times the recommended daily adult dose over a period 
ays. 

Treatment consists of removal of the offending drug by induction of emesis, gastric layage, and catharsis. 
Maintenance of adequate nachna ventilation, correction of hypotension, and contr onvulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, DUMpot heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised 
to avoid aggravating an already existent hypotension. 


HOW SUPPLIED 

j t Tablets: shell pink colored, sugar coated, imprinted “CAFERGOT" on one side, “ Â other 
side. s of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets 
in individual blisters. ; 
Mata Suppositories: sealed in fuchsia-colored aluminum foil, imprinted " Á CAFERGOT® 
SUPPOSITORY 78-33 SANDOZ”. Boxes of 12. 
T, et P-B Tablets: bright green. sugar coated, imprinted "78-36" on one side, “ Â " other side. Bottles 
ie ka and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets in individual 

ers. i 
t P-B Suppositories: sealed in blue aluminum foil, imprinted “ 45, CAFERGOT P-B SUPPOSITORY 


- 78-35 SANDOZ”. Boxes of 12. 


[CAF-Z24 MAY 15, 1987] 
PRINTED IN USA | © 1988 Sandoz Pharmaceuticals Corporation 











Don’t 
Forget! 


Send for the latest 
edition of the free Con- 
sumer Information Cata- 
log. LI The Catalog lists 
over 200 selected federal 
publications of consumer 
interest on subjects like 
health, nutrition, federal 
benefits, money manage- 
ment. L] The Catalog is 
free and so are many of 
the booklets. |_| Just send 
your name and address, 
no strings attached. 
Write today: 





Consumer 

Information Center 
Department DF 
Pueblo, Colorado 81009 





Consumer 
Information 
Catalog 


ee 
` Dw 


U.S. General Services Administration 


PARK CITY, UTAH 


MARCH 1-2-3, 1989 


“Modern Dissection Techniques of Bone, 


Biometals, Bioceramics, an 


Bloplastics” 


A Neurosurgical Symposium/Hands-On Workshop (Neuro 700)* 


co-sponsored by the 


rtment of Strbeeict vy 
JNIVERSITY OF CINCIN i 
MEDICAL CENTER 
im affiliation with 
GOOD SaMARITAN HOSPITAL 
CHRIST HOSPITAL 


MAYFIELD NEUROLOGICAL 
ee 
an 


MIDAS REX® INSTITUTE 


WORKSHOP: The Midas Rex Hands-On Workshop will be held 
each day frorr 7:00 a.m. to 1:00 p.m. The workshop will emphasize a 
semes c hareis-on exercises utilizing appropriate animal bones, 
skeletal bones, bioplastics end biometals for dissection in the 
cranium and spine. Methyimethacrylate and biometals as they 
relate to neuresurgery will als> be considered. Distinguished guest 
leceurersewil! make presentations and video tapes will be available. 


ACCOMMODATIONS: Resort Center Lodge & Inn, 1415 
Lowell Avenue, Park City, Utah 84060. Phone: 800-824-5331. 


Course Directors: 

John M. Tew, Jr., M.D. 
Thomas J. Berger, M.D. 
Susan Mitchell, Ed.D. 
James Dukelow, Ph.D. 


Also, Plastic, ENT, Craniofacial and Maxillofacial surgeons. 


SYMPOSIUM FORMAT 


CREDIT: C.ME. Credit Available. 


ENROLLMENT: Fee (USS): Surgeon $965.00; Resident $585.00 
(with letter from Department Head): All Operating Room Personnel 
(RN/ORT/PA/Other) $250.00. Make check to “Park City Midas Rex 
Symposium.” 
MAIL TO: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76171. 


Ptione: 800-433-7639 or 817-831-2604. 


*There wil be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. 


Hospitality and some lectures will be combined. 


Jon the more than 6,800 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,550 Orthopaedic Surgeons; 1,350 Neurosurgeons; 1,950 OR Personnel. 


IN 


CANADA 


MAY 25-26-27, 1989 


(Immediately preceding the 


Canadian Orthopaedic Association meeting.) 


“Modern » peek peor ues Of Bone, Biometals, Bioceramics, and Bicplastics”’ 
RTHO/N EURO 700) (Separate Hands-On Sessions) 

(Fiasfic, ENT, Bran ietaptal and Maxillofacial surgeons may attend the neurosurgical canference.) 
An interdisciplinary Symposium/Workshop for Orthopaedic Surgeons and Neurosurgeons 
sponsored by the 
MIDAS REX® INSTITUTE 
Course Directors: Jane Mitchell, Ph.D. and Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: (Neurosurgeons and Orthopaedic 
Surgeens in separate workshops.) The Midas 
Rex Hands-On Worksop will be held each day 
fram 7:30 a.m. to 1:30 p.m. The workshops will 
emphasize a series of structured exercises, 
utilizing <«eppropriate animal bones, skeletal 

bones, bioplastics and biometals. 


DRTHOPAEDIC SURGEONS—dissection in 
small sones, large bones, spines, joint 
placement, revision surgery, methylmetha- 
crylate, polyethylene, and biometals, in- 
cludirg broken stem extraction. 
WE@ROSURGEONS—dissection skills for 
2onework of the cranium and spine, including 
attention to bioplastics and biometals ap- 
plicable to neurosurgery. 


CREDITS: C.M.E. credit available. 


ACCOMMODATIONS: Park Plaza -Hotel, 4 
Avenue Road, Toronto, Ontario, Canada M5R 
2E8. Phone: 416-924-5477. 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Resident $585.00 (with letter from Department 
Head); All Operating Room Personnel (RN/ORT/ 
PA/Other) $250.00. Make check to “Toronto Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, Texas 76111. Phone: 

800-433-7639 or 817-831-2604. 


Jein Me more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,600 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,000 OR Personnel) 





Striatal Dysfunction in Attention Deficit 


and Hyperkinetic Disorder 


Hans C. Lou, MD, PhD; Leif Henriksen, MD, PhD; Peter Bruhn; Hanne Bgrner, MD; Jytte Bieber Nielsen, MD 


@ We have previously reported that 
periventricular structures are hypoper- 
fused in attention deficit and hyperactivi- 
ty disorder (ADHD). This study has 
expanded the number of patients, who 
were divided into two groups: six patients 
with pure ADHD, and 13 patients with 
ADHD in combination with other neurolog- 
ic symptoms. By using xenon 133 inhala- 
tion and emission tomography, the 
regional cerebral blood flow distribution 
was determined and compared with a 
control group. Striatal regions were found 
to be hypoperfused and, by inference, 
hypofunctional in both groups. This hypo- 
perfusion was statistically significant in 
the right striatum in ADHD, and in both 
striatal regions in ADHD with other neu- 
ropsychologic and neurologic symptoms. 
The primary sensory and sensorimotor 
cortical regions were highly perfused. 
Methylphenidate increased flow to striatal 
and posterior periventricular regions, and 
tended to decrease flow to primary sen- 
sory regions. Low striatal activity, partial- 
ly reversible with methylphenidate, ap- 
pears to be a cardinal feature in ADHD. 

(Arch Neurol 1989;46:48-52) 


We have previously reported the 

regional cerebral blood flow 
(CBF) in a seriés of children with a 
combination of deficits, such as motor 
disturbances, cognitive deficits, and 
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attention deficit and hyperactivity 
disorder (ADHD)! The results 
showed that the periventricular 
region was hypoperfused, indicating 
low metabolic and functional activity 
in frontal and central brain struc- 
tures. This study was an attempt to 
define more precisely the neural sub- 
strate ef ADHD. The number of 
patients was expanded from 11 to 19, 
and two patient groups were defined: 
(1) a group of six children with ADHD 
as their only significant manifesta- 
tion of central nervous system dys- 
function (group ADHD), and (2) a 
group of 13 children with ADHD in 
combination with various other neu- 
ropsychelogic and neurologic symp- 
toms (ADHD+). 


PATIENTS AND METHODS 
Selection of Patients 


The patients were selected from the 
Department of Child Psychiatry, Rigshos- 
pitalet, Copenhagen, and from a special 
school for children with neurologic and 
neuropsychologiec handicaps. The following 
criteria of the American Psychiatrie Asso- 
ciation (Diagnostic and Statistical Manual 
of Mental Disorders, ed 3, revised) were 
used: attention deficit, impulsivity, hyper- 
aetivity, and temper, as substantiated by 
reports from teachers and parents. The 
diagnosis was confirmed by examination 
by a neuropsychologist (P.B.), a pediatric 
neurologist (H.L.), and a child psychiatrist 
(H.B.). The neuropsychologic examination 
included measurements of continuous 
reaction times as described previously.’ 


~. „Description of Groups 


ADHD Group (Table 1).—Two brothers 
(patients 1 and 2) were included in the 
group. Both were hyperactive, lacked the 
ability to concentrate, and had poor eye 
contact. They needed special support in 
school. Results of the neurologic examina- 


tion were normal. Results of a psychologic 
examination revealed no specific or gener- 
al learning disorders, except for prolonged 
and variable continuous visual reaction 
times. Patient 5 was also extremely hyper- 
active and lacked the ability to concen- 
trate, but had normal intelligence. Results 
of his neurologic examination were nor- 
mal. There was a slight suspicion of diffi- 
culties in visual retention on the Wechsler 
Intelligence Scale for Children, but as this 
finding was minimal, it was considered 
appropriate to allocate him to the pure 
ADHD group. Patient 4 was also hyperac- 
tive, lacked the ability to concentrate, and 
was impulse-driven. Results of neurclogic 
examination were normal. Patient 4 had a 
normal IQ, but with uneven performance 
in the various tests and subtests (Wechsler 
Intelligence Scale for Children, verbal IQ, 
96; performance IQ, 127). Continuous 
visual reaction times were prolonged and 
extremely fluctuating. Patient 3 was 
extremely hyperactive, lacked the ability 
to concentrate, and was impulse-driven 
after measles encephalitis at age 2% years. 
Results of neurologic examination were 
normal. Results of psychologic testing 
showed a normal IQ, but severely fluctuat- 
ing concentration during the tests resulted 
in uneven performance. Patient 6 was fol- 
lowed up from birth as part of a cohort of 
children with very low neoratal cerebral 
perfusion measured by the intra-arterial 
xenon 133 technique. He was extremely 
distracted and hyperactive. Results of neu- 
rologic and neuropsychologic examinations 
were normal, but continuous visual reac- 
tion times were abnormally prolonged and 
variable. 

ADHD+ Group (Table 2). As in the pre- 
ceding group, this group consisted of chil- 
dren in whom the major problem was 
hyperactivity, lack of concentration with 
short attention span, and defective perfor- 
mance on the continuous reaction time 
test. But, in addition, the children ir this 
group had several other signs of central 
nervous system dysfunction. Three chil- 
dren had mild mental retardation (pa- 
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tients 10, 15 and 18) with IQs between 50 
and 70. Different forms o? dysphasia (glob- 
al dysphasia phonologic-syntactic difficul- 
ties, verbal dyspraxia) were seen in as 
many as mire of the 13 children. Results of 
psycholazic sests revealed visuospatial dif- 
ficulties in sx children and somatognostic 
disturbamees in three. 

During the neurologic examination, 
miner metor dysfunctior was apparent in 
five children The mest common abnormal- 
ity was apraxia. These assoeiated symp- 
toms in oar ADHD+ grcup are commonly 
present in ADHD; in fact, ADHD is often 
eonesived as a syndrome with attention 
defieit amd hyperactivity as core symp- 
toms, and the abowe-mertioned neurologic 
and neuropsychologic disturbances as 
more peripherally associated symptoms.’ 

The control group consisted of nine chil- 
dren in the age range of 7 to 15 years, 
mainly siblings of the children in the study 
groups. The control group has been 
deseribe= m detail in a preliminary 
repart.’ 

Due to the low radiation dose of xenon 
133 {see »elow) and the rapid elimination 
of this imer? gas, the study was considered 
ethically aceeptable and it was approved 
by the heads of departments at Rigshospi- 
talet befierethe establishment of an ethical 


committee. Informed consent was obtained 
in all cases, and the parents were encour- 
aged to help in the examination with emis- 
sion computed tomography. All patients in 
the study had normal computed tomo- 
graphic scans, without evidence of ventric- 
ular enlargement. 


Emission Computed Tomography 


All children were studied at rest with 
open eyes. Three-dimensional regional 
CBF and flow distribution were deter- 
mined as previously described? When 
administered in doses of 10 mCi/L during 
one minute of rebreathing lung doses of 
0.001 to 0.002 Gy and total body doses in 
the order of 0.0001 Gy may be expected. 
These calculations are based on adults,’ 
but there is no reason to assume signifi- 
cantly different values in children. Three 
slices were recorded simultaneously, with 
a resolution of 17 mm. Only the middle 
slice was used for this investigation, 
because the upper and lower slices included 
too much extracerebral matter in children. 
The middle slice is positioned 5 cm above 
the orbitomeatal line, encompassing the 
central part of the prefrontal cortex, the 
perisylvian regions, striatum, diencepha- 
lon, and the occipital cortex. Great care 
was applied in assuring proper positioning 
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1.—Brain structures included in flow 


tomograms (see text); cing indicates cingulate 
gyrus; s fr, superior frontalsgyrus; m fr, median 
frontal gyrus; i fr, inferior frontal gyrus; call, 
callosum; cd, caucate nucleus; pu, putamen; 
ins, insula; cl, claustrum; fx, fornix; spl, spleni- $ 
um; ic, internal capsule; th a, th i, th m, 


Table 1.—Clinical Data and Mean Cerebral Blood Flow in Patients With Pure Attention 


Deficit and Hyperactivity Disorder 





Patient / Sex / Mean Cerebral Blood Flow, thalamic nuclei; ch pl, cheroid plexus; o rad, a 
Agp, © mL/100 g/min Relevant Anamnestic Data optic radiation; st, superÐr temporal gyrus; 
tani 66 None mt, median temporal gyrus; it, inferior tempo- 
20/8 82 Placenta previa, vaginal hemorrhage, 8th ral gyrus; calc s, calcarine sulcus; and occ |, 

gestational mo occipital lobe. A incicates Eft striatum; B, right 
3/6 89 Morbilli encephalitis, age 2% y striatum; C, left posterior periventricular 
4i ti 74 Prolonged labor, cesarean section region; D, right postesior periventricular 
5/8 Precipitous rth, neonatal jitteriness region; E, left sensorimotor and primary audi- 


tory region; F, right sensorimotor and primary 
region; and G, occipital region. 


Neonatal asphyxia, cerebral ischemia 


Table 2.—Clinieal Data and Mean Cerebral Blood Flow in Patients With Attention Deficit and Hyperactivity Disorder and Associated Signs 
of Central Nervous System Dysfunction 


Mean Cerebral 
Blood Flow, 
mL/100 g/min 


Relevant Prenatal and 
Perinatal Data 


Minor Motor Other Signs of 
Dysfunction Central Nervous System Dysfunction 


Absent Visuospatial and somatognostic 
difficulties, verbal cyspraxia 


Absent Verbal dyspraxia 
Weak Sonata cardial Absent Visuospatial difficulties, 
sounds phonologic-syntacttc dyspraxia 
Present *Same as patient 9 + mild mental 
retardation 
AT Present Same as patient 9 
Vaginal hemorrhage, 2 Absent Visuospatial and soratognostic 
mo, perinatal difficulties. verbal euditory agnosia 
asphyxia 


- 


Absent Somatognos’ic difficuties 
Visuospatial difficulties 
Mild mental setardatien 
Absent Global dysprasia 


Severe toxemia Present 
Precipitous birth PeSent 


Severe head trauma, Absent Global dysprasia 


wy 
Absent Mild mental retardatien 
Present Global dysprasia 
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Fig 2.—Top left, Average flow distribution in control group (n = 9); top right, average flow distribution in attention deficit and hyperactivity disorder 
(ADHD) group (n = 6); center left, difference between mean flow distributions of ADHD group and control group; center right, average flow 4 
distribution in ADHD with other neuropsychologic and neurologic symptoms (ADHD+) group (n = 13); bottom left, difference between ADHD+ group 

and control group; and bottom right, change in average flow distribution after methylphenidate (n = 13). 
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of the head. The test-retest reproducibility 
of tae methoc was ‘ested in six normal 
adult volunteers at 9. 9:20, and 10 AM and 
at 12 noon. Tre mean CBF values were 
63 = 13, 82 +7, 61 + 8, and 60 + 10 ml/ 
100 =/min.’ It may therefore be assumed 
that there are no systematic changes in 
CBF valmes st repeated measurements 
within a few heurs. To facilitate identifica- 
tiomef regions-with relative hypoperfusion 
in the patients the mean flow distribution 
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Table 3—Cerebra Blood Flow (CBF) and Regional Cerebral Blood Flow (rCBF) 
Distribution * 


Controls, No. 
(Range) 
(N = 9) 
71 (58-83) 


107 (98-116) 


91 (84-98) 
91 (84-100) 


: Lett perimylvian 107 (101-118) 111 (104-120) 108 (100-117) 
| Richt peesylvian 111 (102-121) 112 (98-124) 112 (99-119) 


t 
t : 
| primar auditory (E) 114 (100-128) 125t¢ (117-141) 117 (99-133) 
and prmary auditory (F) 117 (102-133) 123 (103-137) 123 (98-140) 


Left occimitoparietal 86 (76-96) 91 (84-96) 88 (72-97) 
Richt oeaipitoparietal 85 (80-92) 87 (83-92) 87 (74-100) 


95 (88-107) 
103 (94-113) 


104 (95-117) 


Lett posterior 

merivemtricular 

regions (C) 102 (94-117) 104 (96-115) 98 (82-114) 
Richt posterior 

gerivemtricular 

regions (D) 103 (94-121) 100 (87-110) 95 (79-114) 


(mean hemispheric flow in each child, 
100%) was calculated. The differences 
between the average flow distribution in 
the ADHD and the control group, and 
between the ADHD+ and the control 
group were also calculated. 

In a statistical analysis (Mann-Whitney 
test for unpaired data) the average flow 
(mean hemispherie flow, 100%) in differ- 
ent brain regions in the patients’ groups 
were compared with the corresponding 










ADHD, No. 
(Range) 
(N = 6) 
84 (66-96) 


ADHD +, No. 
(Range) 
(N = 13) 
76 (63-89) 







103 (88-115) 109 (96-129) 





91 (81-105) 
92 (77-109) 


88 (76-96) 
86 (77-97) 


108§ (103-134) 
97 (89-102) 
93|| (85-100) 





102ł (88-112) 
94+ (87-105) 
93|| (73-106) 


* SDHD indica®s attention deficit and hyperactivity disorder; ADHD+, attention deficit and hyperactivity 
disorter wit othe neuropsychologic and neurologic symptoms; capital letters in parentheses after each region 


are regions marked in Fig 1. 


Fig <. Flow distibution to striatal regions before and after methyliphe- 
nidat=. rCBF insicates regional cerebral blood flow, and CBF, cerebral 


blood flow. 
1 


— -ð 
A : 


rCBF, mL/ 100 g/min % Mean CBF 


Left, P< .05 
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regions in the conzrol grcup. The following 
regions were examined mesial frontal 
region, anterolateral prefrontal regions, 
perisylvian regions, sensorimotor and pri- 
mary auditory regions. occipitoparietal 
regions, occipital lobe, the regions of cor- 
pus striatum, and the posterior periventri- 
cular regions (Fig 1, Tale 3). 

Four children from tae ADHD group 
and nine from the ADHD+ group received 
methylphenidate. These children were 
examined before and 30 te 60 minutes after 
oral administratien of their daily dose of 
10 to 30 mg of methylphenidate hydrochlo- 
ride. The average flow d:stribution before 
and after medication was compared by 
subtraction, and cranges in regional perfu- 
sion were calculated as described above. 
The Wilcoxon’s rank sum test for paired 
data was used for comparison. 

In the statistical analyses, P < .05 was 
considered significant. 


RESULTS 
ADHD Group 


The flow distributiom in this ADHD 
group differed from the control group 
in the following respe2ts: the striatal 
regions appeared hypoperfused, 
whereas the primary sensory and the 
sensorimotor regions appeared rela- 
tively hyperperfused tFig 2, top left, 
center left and right). This impression 
was substantiated by calculations in 
which, however the ceviations from 
normal only achieved statistical sig- 
nificance in the right striatum 
(P < .002), the occipital lobe 
(P < .005), and the left sensorimotor 
and primary auditory zegion (P < .05) 
(Table 3). 


ADFD+ Group 


In this more heterogeneous 
ADHD+ group the deviation from 
normal flow distribution was essen- 
tially similar, but the eentral low-flow 
region appeared to be more extensive, 
and the increase in occipital, lobe and 
sensorimotor regions less conspicuous 


Fig 4.—Flow distribution to posterior periventricular 7egions before and 
after methylphenidate therapy. rCBF indicates regicnal cerebral blood 


flow, and CBF, cerebral blood flow. 
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60 


Right, NS 


Left, P< .05 





Right, P< .02 
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(Fig 2, bottom left and center right). 
The statistical analysis showed a 
highly significant decrease in both 
striatal regions. The decrease in the 
left posterior periventricular region 
was close to statistical significance 
(.05<P<.1). A significant increase 
was seen in the occipital lobe. No 
other deviations attained statistical 
significance (Table 3). 


Methylphenidate 


The administration of methylpheni- 
date appeared to increase flow in the 
central regions, with a less conspicu- 
ous decrease in cortical areas (Fig 2, 
bottom right). This increase paral- 
leled a definite clinical improvement. 
The calculations showed an increase 
in both striatal (left, 7%; right, 2%) 
and posterior periventricular regions 
(both 7%). The increase in the right 
striatal region failed to achieve signif- 
icance (Figs 3 and 4). 


COMMENT 


These data with statistical analysis 
have clarified the results from the 
preliminary study in a number of 
ways: the common denominator for 
children with pure ADHD as well as 
with ADHD+ appears unequivocally 
to be hypoperfusion and, most likely, 
low neural activity in the striatal 
regions. The appearance of a more 
extended low-flow region centrally in 
ADHD++ is probably an indication of 
more extended neural dysfunction in 
this group characterized by more 
extended neuropsychologic and neuro- 
logic signs, but a large study is neces- 
sary to resolve this point. 

Experimental lesions to the striat- 
um (head of the caudate) in animals 
may produce hyperactivity and defi- 
cits in attention and memory consoli- 
dation with poor performance in cog- 
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nitive tasks such as delayed response, 
delayed alternation, spatial alterna- 
tion, and go-no-go discrimination.‘ 
Similar deficits may be produced by 
prefrontal lesions.’ According to 
Luria,’ this structure mediates “high 
forms” of attention. The two regions 
are closely connected: the head of the 
caudate nucleus receives afferents 
from the prefrontal cortex in all spe- 
cies studied.’ In addition, related sin- 
gle cell activity has been found in the 
prefrontal cerebral cortex and the 
neostriatum.’ 

Our study also shows that the pri- 
mary sensory and sensorimotor 
regions are active in ADHD. This may 
be interpreted as a lack of inhibition 
of sensory perception. It is suspected 
that the caudate nucleus modulates 
polysensory activity via the thalamic 
connections. This modulation is pre- 
dominantly inhibitory. The functional 
role of polysensory responses is still 
uncertain but it seems likely that 
polysensory input to the neostriatum 
bears some relationship to alerting 
and orienting functions of the stimu- 
lus.” It is therefore not inconceivable 
that lack of striatal inhibition of poly- 
sensory activity is a part of the patho- 
genetic mechanism in ADHD. 

In view of the prominent therapeu- 
tic effect of methylphenidate and 
amphetamine, it is of interest that 
electrolytic lesions to the ventral stri- 
atum with dopamine loss have been 
shown to impair avoidance perfor- 
mance and to block the behavioral 
effects of amphetamine.'! Methylphe- 
nidate is known to activate dopamin- 
ergic neurons by decreasing dopamine 
reuptake. Administration of methyl- 
phenidate to rats results in an 
increase of the local metabolic rate for 
glucose in mesencephalic, diencephal- 
ic, and basal ganglia, with a concomi- 
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tant reduction in the motor cortex.” 
In our patients we observed a similar 
methylphenidate-mediated activation 
in central brain regions, in particular 
in the left striatum. The change was 
small but significant. The test-retest 
evaluation of the method failed to 
show systematic “spontaneous” 
changes at repeated CBF measure- 
ments, which could explain the differ- 
ence between the regional CBF mea- 
surements before and after medica- 
tion. The asymmetry of drug action 
was unexpected. It may indicate that 
the right striatum was more irrevers- 
ibly damaged in the present patient 
groups. Methylphenidate tended to 
decrease the activity in primary sen- 
sory regions in the occipital, temporal, 
and parietal lobes. Generally speak- 
ing, methylphenidate medication 
tended to normalize the pathologic 
flow distribution in ADHD. 

Our observations suggest that the 
striatum is dysfunctional in ADHD, 
and that this dysfunction may be 
(partly) reversed with methylpheni- 
date. The striatal dysfunction is likely 
to play a central role in the pathogen- 
esis. 

Retrospective anamnestic data re- 
vealed a high incidence of adverse 
antenatal and perinatal events in our 
patient groups (Tables 1 and 2). This 
is in agreement with prospective 
studies suggesting a role for antenatal 
and perinatal factors in ADHD." The 
striatum is located at the border 
between the anterior and middle cere- 
bral arteries; such a location renders 
the structure particularly vulnerable 
to early cerebral hypoxic ischemic 
insults.'* Thus, in a study on the tem- 
poral profile of neuronal damage the 
striatum was found to undergo dam- 
age at an earlier stage than other 
brain structures." 
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Altered Norepinephrine Metabolism 
in Shepiro’s Syndrome 
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eè We stueied a 66-year-old woman 
with spentar2ous periodic hypothermia 
(Shapiro's syndrome) to determine the 
mecnanisms ‘hat result in increased plas- 
ma norepinephrine (NE) levels. In compar- 
ison with age-matched control subjects, 
compartmental analysis of NE kinetics 
revealed an increased NE release rate 
into the extr vascular compartment and 
decreases in NE clearance and volume of 
distributon f NE in the intravascular 
compartment Clonidine therapy was 
associated with an_ initial dramatic 
decrease in fhe frequency of diaphoretic 
episodes as well as with a fall in NE 
release rate and increases in NE clear- 
ance ane volame of distribution. We con- 
clude that Mcreased NE release and 
decreased pasma NE clearance result in 
elevated plasma NE levels in Shapiro's 
syncrome. Conidine, which was associ- 
ated with changes in NE kinetics, may 
provide effecive treatment for this disor- 
der. 

(Arch Neuro! 1989;4€:53-57) 





rrent idiopathic spontaneous 
hypothe-mia with agenesis of the 
corpus callo um (Shapiro’s syndrome) 
is a rare @ndition associated with 
hypethermi., polydipsia, polyuria, 
hyponacrenza, and autonomic parox- 
ysms characterized by hypertension, 
tachycardia. and ciaphoresis.'* Agen- 
esis of the corpus eallosum is one 
marifestatien of dysgenesis of mid- 
line telenceshalic structures, and is 
frequently associated with abnormali- 
ties in the septal region, cingulate 
gyrus, and «ther structures.’ Experi- 
mental suræcal sectioning of the cor- 
pus callesur in animals did not result 
in hypethernia or other manifesta- 
tions of the syndrome,’ which would 
suggest that the associated dience- 
pha ic defec*s lead to zhe clinical man- 
ifestations.' Other proposed hypothe- 


ses to expla n the clinical features of 
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this disorder include diencephalic epi- 
lepsy*® and changes in the set point of 
the thermostat.‘ 

Threefold to sixfold increases in 
basal supine plasma norepinephrine 
(NE) levels, which are comparable 
with the plasma levels observed with 
moderate exercise, diabetic ketoacido- 
sis, myocardial infarction, and pheo- 
chromocytoma,’ were reported in one 
patient with Shapiro’s syndrome.’ 
Many of the clinical manifestations of 
this disorder, including the hyperten- 
sion, have been attributed to sympa- 
thetic nervous system activation. 
However, the mechanisms that result 
in the elevation of plasma NE in this 
syndrome have not been defined. 

We have recently developed a two- 
compartment model based on comput- 
er analysis of the plasma disappear- 
ance of tritiated NE to quantify NE 
kinetics in humans. This model was 
determined to be the minimal model 
necessary to simultaneously describe 
the kinetics of NE in the supine and 
upright positions.’ In this minimal 
model, compartment 1 (plasma-con- 
taining compartment) includes circu- 
lating NE and so is accessible for 
sampling. Compartment 2 (extravas- 
cular compartment) is a distributed 
pool into which NE is released from 
sympathetic nerve varicosities and 
which exchanges with the circulating 
pool. Irreversible removal from com- 
partment 2 represents the sum of the 
rates of local NE removal. To deter- 
mine whether the elevated plasma NE 
observed in Shapiro’s syndrome is the 
result of increased NE release, we 
assessed the regulation of plasma cat- 
echolamines and NE kinetics in a 66- 
year-old woman with this disorder. 
The a,-adrenergic agonist, clonidine, 
which inhibits central nervous system 
activation of the sympathetic nervous 
system’ and catecholamine secretion 
from the adrenal medullae,” was 
associated with changes in NE kinet- 
ics and may be effective therapy. 

REPORT OF A CASE 

A 66-year-old woman presented with 
recurrent, daily episodes of diaphoresis. 
She stated that these episodes began after 
an influenzalike illness four months earli- 
er that required her to be hospitalized for 
dehydration. Since the initial presentation, 
the patient reported recurrent episodes of 
diaphoresis (ten to 15 times per day) last- 
ing for 30 minutes, with associated com- 


plaints of anxiety, weakness, palpitations, 
and tremor. She also hac chills and shiver- 
ing for several hours folowing an episode. 
There were no ecmplairts of flushing and 
no history of loss of consciousness. Emo- 
tional upset seemed to bring on an episode, 
but there was no apparent relationship to 
eating, time of day, or changes in body 
position. Results of a review of systems 
were negative for disturbances of thirst, 
appetite, or sexual drive 

Results of a physical examination during 
an episode were significant for orthostatic 
blood pressure changes from 180/115 to 
90/60 mm Hg, with accompanying in- 
creases in heart rate from 74 to 148 beats 
per minute. Rectal temperature ranged 
between 32.2°C and 35.0°C (90° and 95°F) 
during episodes. Reduction of body tem- 
perature by as much as 2°C (4°F) occurred 
with some diaphoretic evisodes, though no 
constant relationship between diaphoresis 
and temperature emerged. Hypothermia 
persisted even in the absence of the dia- 
phoretic episodes Results of the remainder 
of the physical examination were noncon- 
tributory, including a aormal neurologic 
evaluation. 

Normal or nondiagrostic studies in- 
cluded serum urea nitrogen, serum creati- 
nine, thyroxine and triiedothyronine resin 
uptake, VDRL, quantitative 24-hour uri- 
nary 5-hydroxyindoleacetic acid excretion, 
and urine and spinal cultures. The serum 
follicle-stimulating hormone level was 
slightly elevated, whereas the serum 
luteinizing hormone @ncentration was 
normal in this postmenopausal woman. 
Creatinine clearence wes calculated at 1.9 
mL/s. 

Determination of plasma levels of hor- 
mones, which increase in response to 
stress, was performed during ‘a morning 
episode. Laboratory studies disclosed the 
following values plasma cortisol, 554.8 
nmol/L (norma! aM range, 276 to 690 nmol/ 
L); serum prolactin, 14.0 ug/L (normal 
range, 2 to 22 ug/L); plasma glucagon, 51.4 
ng/L (normal fasting range, <300 ng/L); 
and plasma pancreatic polypeptide, 43.0 
pmol/L (normal fasting range, <239 pmol/ 
L). The plasma glucose level during a 
morning episode was £.16 mmol/L. The 
serum sodium concentration on admission 
was 131 mmol/L (normel range, 137 to 149 
mmol/L) and fell as low as 124 mmol/L 
during an episoce. A random determina- 
tion of urinary sodium excretion in the 
absence of intravenous saline was less than 
20 mmol/d. Quantitative 24-hour urinary 
excretion of catecholamines during the 
baseline period revealed vanillylmandelic 
acid, 42.9 umol/d (normal range, 0.0 to 35.4 
umol/d); metanevhrine, 92.8 umol/d (nor- 
mal range, 0 to 354.9 gmol/d); normeta- 
nephrine, 398.6 umol/d (normal range, 0 to 
900.0 umol/d); epineprrine (EPI), 136.5 
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Fig 1.—Frequency of diaphoretic episodes 
before and after treatment with clonidine in 
patient with Shapiro's syndrome. 


„mol/d (normal range, 0 to 109.2 wmol/d); 
and NE, 1.15 wmol/d (norma! range, 0 to 
0.55 wmol/d). Supine plasma catechol- 
amine levels revealed the following: plas- 
ma NE, 9.79 nmol/L (normal range, 0.39 to 
1.92 nmol/L); plasma EPI, 1.63 pmol/L 
(normal range, 0 to 0.30 pmol/L); and 
plasma dopamine, 1.51 nmol/L (normal 
range, 0 to 0.58 nmol/L). 

Radiographic studies included cranial 
computed tomography that revealed the 
absence of the corpus callosum with mini- 
mal dilatation of the ventricular system. 
An electroencephalogram showed diffuse 
abnormalities suggestive of a nonspecific 
encephalopathy that did not change during 
an episode of diaphoresis. Computed 
tomography of the abdomen and imaging 
with iodine 131-meta-iodobenzylguanidine, 
which appears complementary to computed 
tomography in localizing adrenal and 
extra-adrenal pheochromocytomas,' were 
both negative for pheochromocytoma. 
Upper and lower gastrointestinal tract con- 
trast radiographs and routine chest roent- 
genograms were noncontributory. 

During this hospitalization, the patient 
had ten to 15 episodes of diaphoresis per 
day. Episodes persisted despite saline 
replacement therapy of 3 to 4 L per day. 
Therapeutic trials of atropine’ and pheno- 
barbital,’ suggested to be effective in oth- 
er patients with this syndrome, produced 
no change in clinical or biochemical 
parameters. After baseline studies, clonid- 
ine therapy (0.3 mg/d) was started with an 
initial dramatic decrease in diaphoretic 
episodes from ten to 15 per day to one to 
two per day (Fig 1). Oral fluid and intrave- 
nous saline requirements decreased to 1500 
mL/d. The patient was discharged with a 
clonidine therapy of 0.3 mg/d, and she was 
readmitted to the Clinical Research Center 
of the University of Michigan, Ann Arbor, 
30 and 60 days later for reassessment of 
her clinical status. 
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MATERIALS AND METHODS 


Informed consent was obtained from the 
patient with Shapiro’s syndrome and a 
group of age-matched control subjects 
(N = 10; ages, 62 to 73 years). The age- 
matched contro! subjects were recruited to 
participate in another study (0.A.L., writ- 
ten communication, Oct 30, 1988). All 
studies were approved by the Human Use 
Committee of the University of Michigan. 
The subjects were admitted to the Univer- 
sity of Michigan Clinical Research Center 
where they were studied after an overnight 
fast in the supine position. Heart rate and 
blood pressure were monitored throughout 
each study. Seram samples were obtained 
via a scalp-vein needle inserted retrograde 
into a dorsal vein of a hand that was placed 
in a warming box at 60°C to obtain arteri- 
alized venous blood samples. The protocol 
was as follows. 


Volume Replacement 


The patient with Shapiro’s syndrome 
received 4 L of normal saline over four 
hours via an intravenous catheter placed in 
the antecubital vein of one arm. The saline 
infusion was initiated after an episode of 
diaphoresis and continued through two 
episodes. Serum sampling for plasma cate- 
cholamine levels was performed at base- 
line after an episode of diaphoresis and on 
completion of the infusion after she had 
experienced two additional episodes. Plas- 
ma volume before and after volume 
replacement with normal saline was not 
measured in this patient. 


insulin-induced Hypoglycemia 


The patient received an intravenous 
injection of regular porcine insulin (0.1 
U/kg, Iletin II, Eli Lilly Co, Indianapolis) 
before an episode of diaphoresis. Serum 
samples were obtained at baseline (—20, 
—10, and 0 minutes) and at ten-minute 
intervals for 100 minutes following insulin 
administration and assayed for plasma 
glucose, NE, EPI, and cortisol levels. 
Although the patient was asymptomatic at 
the start of this test, she developed diapho- 
resis after the injection of insulin that 
persisted throughout the remainder of the 
test. 


NE Kinetics and Plasma Catecholamine 
Responses to Clonidine 


Pretreatment.—The patient with Sha- 
piro’s syndrome and the ten control sub- 
jects were administered a 15 uCi/m? bolus 
of levo-tritiated NE (specific activity, 40 to 
60 Ci/mmel; New England Nuclear Corp, 
Boston), followed by a 0.35-uCi/m?/min 
continuous infusion for 50 minutes using a 
syringe pump (Harvard Apparatus Co, 
South Natick, Mass). Infusates contained 1 
mg/mL of ascorbic acid to prevent oxida- 
tion of NE. This infusion of tritiated NE 
was started after an episode of diaphoresis 
was completed. Arterialized blood samples 
(10 mL) were collected at 30, 40, and 50 
minutes during the tritiated NE infusion 
for measurement of steady-state plasma 
levels of tritiated NE and NE. The tritiated 
NE infusion was then stopped and serum 
samples were collected at 1, 2, 4, 6, 8, 10, 15, 


and 20 minutes for measurement of plasma 
tritiated NE. Plasma NE was determined 
20 minutes after discontinuation of the 
infusion. 

After completing the NE kinetic study, 
the patient with Shapiro’s syndrome 
received an oral dose of clonidine (0.3 mg). 
Plasma NE and EPI levels were deter- 
mined at baseline and at 90, 100, 110, and 
120 minutes after adminiscration of the 
medication. She was discharged from the 
hospital with a clonidine therapy of 0.3 mg 
daily. 

Thirty Days of Clonidine Treatment.—The 
patient was readmitted to the Clinical 
Research Center. After an overnight fast, 
she assumed the supine position. Blood was 
sampled for plasma catecholamine levels 
at baseline and at 90. 100, 110, and 120 
minutes following the eral administration 
of 0.3 mg of clonidine. 

Sixty Days of Clonidine Treatment.—The 
patient was readmitted to the Clinical 
Research Center, at which time the clonid- 
ine therapy was discontinued. Forty-eight 
hours later, after an overnight fast, plasma 
NE and EPI levels were obtained with the 
patient in the supine position. Norepineph- 
rine kinetics were then repeated according 
to the previous protocol. 


Analytical Methods 


Plasma glucose concentrations were 
determined by a glucose ox:dase methed. 
Plasma levels of NE and EPI were mea- 
sured by a single-isotope derivative 
radioenzymatic assay using 50-uL sam- 
ples." Tritiated NE concenczrations were 
determined within 24 hours of each study 
by liquid scintillation counting of radiola- 
beled catecholamines after alumina ex- 
traction." Plasma cortisol levels were mea- 
sured by radioimmunoassay. 


Data Analysis 


Compartmental analysis of NE kinetics 
was performed on a computer (VAX 11/ 
730) using the SAAM" and CONSAM” 
simulators. All of the model parameters 
for each of the contro! subjeets and the 
patient were derived fram computer analy- 
sis of the data from each study performed 
on that individual using the method of 
weighted nonlinear least squares.'* A phys- 
iologically based two-compartment model 
has been determined to be the minimal 
model necessary to fit all the data for each 
subject; this model is a priori uniquely iden- 
tifiable. The volume of distribution of NE 
in compartment 1 (V,) (liters) was esti- 
mated from the compartment model. The 
steady-state release rate of NE into com- 
partment 2, NE, (nanomoles per minute per 
Square meter), the NE eompartment mass 
sizes Q, and Q, (nanomoles per square 
meter), and the NE metabolie clearance 
rate from compartment | (MCR,) (liters per 
minute per square meter) were calculated 
from the steady-state solutions of the two- 
compartment model as funetions of the 
estimated rate constants using the SAAM 
program. Due to fluctuations in plasma NE 
values in this patient during the baseline 
study, the lowest plasma levels were used in 
the modeling analysis. Thus, the derived 
parameters reflect the minimum values of 
NE kinetics for this patient. 
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[eta are expressed as means + SDs 
except where indicated. The data from the 
volume replacement study were analyzed 
usime paed t tests. 


RESULTS 
Volume Replacement 


Flasma catecholamine levels fell 
onl slizhtly at the end of the four- 
hoe saline infusion ‘NE, 8.09 + 1.00 
to ~.00 + 0.61 nmol/L; EPI, 1.27 + 
0.3" te 118 ż 0.21 nwol/L; both 
P=NŅNS. During the saline infusion, 
heart rate decreased from 97 + 2 to 
89 + 2 beats per minute (P < .01), sys- 
tol blood pressure declined from 
17% + 4 to 160 + 2 mm Hg (P <.01), 
anc the baseline diastolic blood pres- 
sur= did not change (92 + 4 to 90 + 2 
mm Hg P = NS). 


insulin-induced Hypoglycemia 


The patient was asymztomatic at 
the start of the test, but experienced 
persistent diaphoresis throughout the 
10@ minutes after the injection of 
insalin «0.1 U/kg). She did not develop 
any neurologic symptoms. Her heart 
rat= increased from 90 beats per 
mirate 70 amaximum of 108 beats per 
minate at 50 minutes. Systolic and 
diaztolie blood pressure measure- 
meats were unchanged during hypo- 
gly=2mia. 

Flasnea concentrations of glucose, 
NE and EPI following the bolus injec- 
tion of insulim in this patient are 
shewn in Fig 2. The plasma glucose 
lev= declined from 6.27 mmol/L to a 
nacr o? 2.30 mmol/L at 60 minutes 
anc then rose gradually tc 3.98 mmol/ 
L ~ 100 minutes. Basal arterialized 
versus plasma NE and EPI levels 
rarzed between 9.00 and 10.20 nmol/L 
anc 1.32 and 1.45 nmol/L. respective- 
ly. ollewing the injection of insulin, 
plasma NE fluetuated markedly be- 
tween 5 21 and 9.61 nmol/L with peak 
leve s achieved in approximately 40- 
mirate cycles, which appeared unre- 
lated to the change of plasma glucose 
leve s. ”lasma EPI levels increased 
slightly to 1.93 nmol/L at 60 minutes, 
butdeclined gradually bac< to baseline 
by J0 minutes and did not fluctuate in 


parallel with plasma NE. Basal plas- 
ma cortisol level was 554.8 nmol/L, 
which increased to a peak of 850.1 
nmol/L after 70 minutes and returned 
to 598.9 nmol/L by 100 minutes after 
the injection of insulin. The changes in 
plasma cortisol did not correspond to 
the changes in plasma NE. 


Plasma Catecholamine Responses to 
Clonidine and Norepinephrine Kinetics 


Figure 3 shows plasma NE and EPI 
levels in the basal state and following 
the acute administration of clonidine. 
Prior to clonidine administration, 
plasma NE fluctuated from 3.74 to 
7.60 nmol/L. Following the acute chal- 
lenge with elonidine, plasma NE lev- 
els declined progressively from 7.60 to 
3.05 nmol/L by 250 minutes, whereas 
the plasma EPI remained unchanged. 
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Fig 2.—Insulin-induced hypoglycemia in 
patient with Shapiro’s syndrome. Plasma glu- 
cose (top) and plasma norepinephrine (solid 
circles) and epinephrine (open circles) (bot- 
tom) responses to intravenous injection of 
regular insulin are depicted. 


The mean arterial pressure (MAP) 
tended to fall in parallel with the 
decrease in plasma NE. 

As summarized in the Table, pre- 
treatment plasma NE and EPI of the 
patient were elevatec in comparison 
with the age-matched control sub- 
jects. Administration of clonidine 
therapy, 0.3 mg/d for 30 days, resulted 
in arterialized venous plasma NE lev- 
els between 2.25 and 3.30 nmol/L (nor- 
mal range, 0.72 to 233 nmol/L and 
arterialized venous plasma EPI values 
decreased below 273 pmol/L (normal 
range, 317 to 803 pmol/L). After 60 
days of clonidine therapy and follow- 
ing discontinuation of clonidine for 48 
hours, basal plasma NE levels ranged 
between 1.80 and 2.70 nmol/L and 
plasma EPI levels were within the 
range of the matched zontrol subjects. 
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Fig 3.—Mean arterial pressure (MAP) (top) 
and plasma norepinephrine (solid circles) and 
epinephrine (open circles) (bottom) responses 
to acute clonidine administration (0.3 mg) in 
patient with Shapiro’s syndrome. Changes in 
MAP corresponded closely to decrease in 
plasma norepinephrine. 





Norepinephrine Kinetics in Shapiro's Syndrome * 
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{N = 10) 
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* ™asma norepinephrine (NE) and epinephrine (EPI), NE kinetics, and mean arterial pressure (MAP) responses (means + SDs) to clonidine treatment in the patient pe 

with Shapiro's syndrome. Baseline cata (means + SEMs) for ten age-matehed control subjects are presented in comparison. NE appearance rate into the extravascular x) 
com»artment (NEn), the NE clearance rate from the intravascular compartment (MCR), and the volume of distribution of NE in the intravascular compartment (Va) were ae 
deteamineciby compartmental analysis (see “Materials and Methods” section) before treatment, after 60 days of treatment, and after 43 hours without clonidine inthe 
patiet with Shapiro's syndrome. y A 
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Pretreatment MAP was elevated in 
comparison with the age-matched 
control subjects (Table). The mean 
arterial pressure decreased after 30 
days of clonidine therapy (118 + 10 vs 
108 + 3 mm Hg) and increased to 
136 + 11 mm Hg 48 hours after clon- 
idine therapy was discontinued after 
60 days of treatment. 

The plasma disappearance of triti- 
ated NE in the patient with Shapiro’s 
syndrome before and following clonid- 
ine therapy was simultaneously fit by 
the two-compartment model. Similar 
good fits were obtained in the age- 
matched control subjects. As summa- 
rized in the Table, increases in plasma 
NE from 3.93 to 5.13 nmol/L in this 
patient before clonidine therapy were 
associated with a high value for NE 
release (NE,) into the extravascular 
space (21.7 nmol/min/m*, a value 
greater than that observed in any of 
the ten age-matched control subjects. 
Since the estimate was based on the 
lowest plasma NE level observed, it 
likely represents an underestimate of 
the average NE, rate during the 
study. This patient also had a rela- 
tively low MCR, (1.39 vs 2.02 + 0.60 
L/min/m? for age-matched control 
subjects), and a low V, of NE in the 
accessible (plasma-containing) com- 
partment (4.0 vs 7.3 + 2.2 L for age- 
matched control subjects), which was 
outside the range of control subjects. 
The model estimated that Q., the 
extravascular compartment NE con- 
tent, was 528.7 nmol/m?, a value 
approximately 50 times greater than 
the NE mass in the intravascular 
compartment 1 (Q,, 10.38 nmol/m?). 
These findings for the compartmental 
masses are similar to the results 
obtained in the age-matched control 
subjects (data not shown). The decline 
in plasma catecholamine levels two 
months later 48 hours off clonidine 
paralleled changes in NE kinetics. 
With resolution of the patient’s symp- 
toms, NE, had decreased into the nor- 
mal range (9.9 vs 21.7 nmol/min/m?), 
and both MCR, (1.95 vs 1.39 L/min/ 
m?) and V, (4.9 vs 4.0 L) had increased 
in comparison with pretreatment val- 
ues. Š 


COMMENT 


Our results show that our patient 
had marked increases in plasma NE 
and a modest elevation in plasma EPI 
in comparison with age-matched con- 
trol subjects. These levels did not 
decline significantly during a rapid 
infusion of 4 L of normal saline that 
was estimated to be twice the daily 
loss of salt and water that was occur- 
ring secondary to diaphoresis. Plasma 
NE levels in response to insulin- 
induced hypoglycemia showed a peri- 
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odicity that was not apparent in the 
plasma EPI response. Compartmental 
analysis of NE kinetics estimated a 
high rate of NE, into the extravascu- 
lar compartment, a relatively blunted 
plasma NE clearanee rate, and a mod- 
est decrease in intravascular volume 
of distribution in this patient as com- 
pared with age-matched control sub- 
jects. Clonidine, which inhibits cate- 
cholamine release, was temporally 
associated with resolution of symp- 
toms as well as with a correction in 
NE kinetics after long-term ther- 
apy. 

Integration of the various compo- 
nents of thermoregulation is con- 
trolled by the preoptic anterior hypo- 
thalamus.” The neural network, act- 
ing via the sympathoadrenal system, 
provides rapid control of heat dissipa- 
tion.” One consequence of hypother- 
mia is a significant decrease in the 
basal metabolic rate to 50% of normal 
at 28°C.” In response to cold exposure, 
there is an increase in sympatho- 
adrenal activity that results in an 
increase in heart rate, peripheral 
vasoconstriction, and muscle vasodi- 
latation. Although the mechanisms 
underlying the hypothermia in Sha- 
piro’s syndrome have not been com- 
pletely defined,'** the structural 
abnormalities in or near the thermo- 
regulatory center may result in 
increases in basal adrenergic tone 
with additional fluctuations in sym- 
pathoadrenal activity in response to 
further decreases in body tempera- 
ture. Since our patient had persistent 
hypothermia, we were unable to docu- 
ment small changes in body tempera- 
ture that could have led to the marked 
fluctuations in plasma NE. 

The increased plasma levels of NE 
in this patient are the result of several 
concurrent mechanisms. First, the NE 
kinetics suggest that increased sym- 
pathetie neural activity with subse- 
quent spillover of NE into plasma is 
an important component of Shapiro’s 
syndrome. Changes in V, and MCR, 
were smaller and appear to play less 
predominant roles in the increased 
plasma NE levels. Plasma NE levels 
were elevated approximately three- 
fold to sixfold over normal basal lev- 
els, whereas the plasma EPI concen- 
trations were only twice normal basal 
levels. Whereas acute changes in MAP 
corresponded to acute changes in the 
plasma NE levels, plasma EPI levels 
did not vary significantly or corre- 
spond to these changes. It is not possi- 
ble from our data to determine wheth- 
er this increase in sympathetic neural 
activity represents a cause or a conse- 
quence of the frequent attacks of dia- 
phoresis and hypothermia in this 
patient. 


Second, the patient’s modestly ele- 
vated plasma EPI concentrations 
indicate activation of the adrenal 
medullae, although we cannot exclude 
the possibility that the increased EPI 
level was due in part to diminished 
plasma clearance, since MCR, of NE 
tended to be low. Although the 
amount of NE released from the adre- 
nal medullae into the circulation in 
the basal state is insignificant,” sub- 
stantial amounts of NE may be 
released with EPI during adrenal 
medullary stimulation.“* During in- 
sulin-induced hypoglycemia, which is 
probably the most selective physiolog- 
ic stimulus for adrenal medullary EPI 
release,” marked fluctuations in the 
plasma NE level, but only minimal 
changes in plasma EPI, were ob- 
served. Meneilly and colleagues” 
found similar increases in plasma EPI 
in young and elderly control subjects 
in response to an insulin-induced glu- 
cose reduction. Since the adrenal cor- 
tical responses were still intaet as 
noted by the increase in plasma corti- 
sol in response to insulin-induced 
hypoglycemia, the lack of change in 
plasma EPI suggests that the adrenal 
medullary response may be specifical- 
ly blunted in this patient. The cause of 
this blunted plasma EPI response to 
hypoglycemia may be repeated stimu- 
lation of the adrenal medullae, which 
can result in eatecholamine deple- 
tion.’ Extensive stimulation of the 
adrenal medullae leads to a nonspe- 
cific stimulation of protein synthesis 
in the gland, which may result in 
alterations in the proportion of NE 
and EPI released in response to a 
physiologic stimulus.” 

Third, the clinical findings of ortho- 
static hypotension in association with 
laboratory findings of hyponatremia 
and decreased urinary sodium excre- 
tion suggest intravascular volume 
contraction. The rapid infusion of nor- 
mal saline significantly decreased the 
plasma NE level, although changes in 
intravascular volume were not direct- 
ly measured in our study. However, 
we have recently found that the ele- 
vated plasma NE levels found in 
response to dietary sedium restriction 
in humans are the result of decreases 
in MCR, and V,, with no change in 
NE,.” We have postulated that this 
decrease in MCR, during dietary sodi- 
um restriction in humans is the result 
of volume depletion.” 

Since MCR, and V, were decreased 
in this patient, our results suggest 
that intravascular volume depletion is 
involved in the development of the 
elevated plasma NE levels. 

Elderly subjects have been reported 
to have increased plasma NE lev- 
els,*”? which have been associated 
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wih decreased sensitivity to the 
effects of the catecholamines.” This 
insensitivit> to the e‘fects of the cate- 
cholamines has been attributed to a 
functional enceupling of the adrener- 
gie recepter-adenylate cyclase com- 
plex. The elevation in plasma NE 
seen im this patient is approximately 
threefeld tc eightfold higher than the 
mean artermlized venous plasma seen 
in our elderly control subjects.” Fur- 
ther, in ou- patient, the plasma NE 
lewel corresponded positively to fluc- 
tuations in MAP. Although the func- 
tien of the adrenergic receptor-ade- 
ny ate eyclase complex was not direct- 
ly assessed it appears unlikely that 
tissue insersitivity to catecholamines 
is the majer factor that resulted in 
the markecly elevated p.asma cate- 
chelamine Evels im this patient. 

Clonidine suppresses basal plasma 
cavecheilamme levels in normal sub- 
jeets and may block clinical manifes- 
tations assaciated with certain states 
of endogeaous catecholamine re- 
lesse. “Olor dine has beer. shown to be 
effective ip managing paroxysmal 
catechalamme release end flushing 
asseciated with autonomic epilepsy.” 
Clenidime was chesen as the mode of 
therapy because our patient exhibited 
persistent Giaphoresis and hyperten- 
sive episode over a four-month peri- 
od asscciated with increased plasma 
catecholamime levels. Within four 
davs of ini iatimg clonidine therapy, 
there was a dramatic decrease in her 
diaphoretic episodes from ten to 15 
per day to one te two per day. The 
resolution cf clinical symptoms was 
asseciazed with an initial decline in 
plasma NE and EPI levels during 
clenidime administration. Two months 
of clonidine therapy was associated 
with complete clirical remission, 
includimg d_aphoresis and hyperten- 
sion. Həwewer, the natural course of 
the symdrome is variable with fre- 
quency of =ttacks reporzed between 
days and yæars.? Ineiting causes of 
attacks are inknown. 

To better determine the therapeutic 
efficacy of «lonidime, the medication 
was stoaped after two months of ther- 
apr. Ferty-sight hours after discon- 
tinaatiom œ clonidine, the patient 
exhibited N? kinetics (including NE) 
within the zange of the age-matched 
control subjects. The increase in MAP 
observed 48 hours after discontinua- 
tion of cloridine therapy may have 
resulted from the abrupt discontinua- 
tiom of slonHine therapy. Thus, there 
is a strons temporal relationship 
between resolution of clinical symp- 
toms ard the institution of treatment 
with clonidne, but this resolution 
persisted after diseontinuation of 
therapy. As the patient currently 
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remains in clinical remission without 
tain whether clonidine therapy in- 
duced this remission through altera- 
tions in catecholamine kinetics or by 
providing physiologic stability to 
allow for spontaneous resolution, or 
whether the remission was coinciden- 
tal. Additional clinical studies in 
patients with this syndrome are nec- 
essary to define the possible thera- 
peutic role of clonidine. 

The results of these studies indicate 
that the elevated plasma NE levels in 
a patient with Shapiro’s syndrome are 
the result of both increased NE 
release and decreased NE clearance. 
Suppression of catecholamine release 
with clonidine may be an effective 
treatment for this disorder. 
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There is only one organization dedicated solely to fighting 
amyotrophic lateral sclerosis. The ALS Association. 


Its Four Missions: 


Research 

to fund state-of-the-art, innovative ALS research 
Patient Services 

to help ALS patients, their families and caregivers 


Information 
to serve as the national ALS information center 


Education 
to stimulate public support through ALS education 


Together we will 
find the answer. 


Ps: 
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AG) 
The ALS Association 
21021 Ventura Blvd., Suite 321 


Woodland Hills, CA 91304 
818/340-7500 
















MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 





DALLAS/FORT WORTH (i: 


Home Office: 2929 Race Street 
‘Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


Also Plastic, ENT, 


NEUROSURGICAL SYM POSIA (N EURO 700) Craniofacial, Maxillofacial, etc. OR PERSONNEL SYMPOSIA aia 700) 


FEBRUARY 20-21-22 MAY 11-12-13 © 31-Jun. 1-2 Symposia for OR Personnel only: 
MARCH 13-14-15 JUNE 15-16-17 FEBRUARY 27-28-Mar. 1 
APRIL 10-11-72 © 24-25-26 JULY 6-7-8 © 20-21-22 © 31-Aug. 1-2 MAY 1-2-3 e JULY 17-18-19 


WORKSHOPS: The workshops are held each day from 7:00 a.m. Zandt Cottage, Trinity Park, Botanic Gardens and the Fort Worth 
to 00 o.m. hey will emphasize a series of structured exercises, Water Garden, Six Flags Over Texas. In Dellas enjoy the Old City 
utilizing apprepriate animal bones, skeletal bones, bioplastics and Park, John F. Kennedy Memorial Plaza, professiona sports with the 

biometals. Dallas Cowboys and the Texas Rangers. 















NEWROSURGEONS—dissection skills for bonework of the SHOPPING—Visit the restored Sundance Square downtown, the 
Cramiurm and spine, including attention to bioplastics and x stockyards which specialize in Westem wear and local malls. 
biometals applicable to neurosurgery. 2... 


OR PERSONNEL—zissection skills to become famil- 
iarwith the applicasions of power instru- 
mentation; discussion of 
an paricipation ir pro- 
blem seiving, care. anc 
proper maintenane of 

pəwer equipment. 





DINING—There are many fine restaurants tc choose from in 
the Fort Worth area. Several restaurants are located 
near the stockyards. 


ERS Surgeon SRo AS 00. 
: Surgeon ; 
ident $585.00 (with 


letter from Department 
§ bead); All Operatin 
vaes Room Personnel / 
Šf CRT/PA/Other) $250.00. 
me, Make check to “Dallas/ 

se Fort Worth Symposium.” 
Mail to: Midas Rex In- 
stitute, 2929 Race St 








AREA ATTRACTIONS: 

For Worth Zoolcgica 
Par, Stockyards. 
Kirbell Art Muscum. 
Amon Carter Musccum. 
For Worth Museum of 









Seanccare Misty Lo make 4 Ta- : “MEE Fort Worth, Texas 76111. 
in age; ort Wo - 2 i Ea 
Japanes Gardens. Van ™ er a | es oe ae Co A e Phone: 800-433-7639 or 


817-831-2604. 





* Jan the more than?,00C 
enmallees whe havescompleted Midas Rex Hands-On Workshops. (3,600 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,000 OR Personnel) 





Los Angeles 
Neurolog cal Center 


PESITONS AVAILABLE NEUROLOGIST 


The Los Angeles Neurological Center is seeking additional 
peciatric and adult neurologists to help fulfill its expanding Buffalo, New York 
commitments in carieg for more than 6,000 new patients 
eacn year. 
‘Cansidates mustibe Board Certified or eligible and demonstrate 
competence in EEGJEMG, evoked potentials and CAT scan 
inte-pretation.A spesial expertise in cerebrovascular disease, 
neuromuscular diseese, seizure disorders and sleep disorders is Adult BE/BC neurologist with full diagnos- 


preserres. The pediaric neurologist should be well versed in tic capabilities to join a large private prac- 


neaonata electroencephalopathy. b 3 $ 
The Center has en site EEG lab under the supervision of tice. Generous starting salary leading to 


reesstered techniciars, a Technicare CAT scanner which has a rapid partnership. Superb practice opportu- 





libeary of over 16,00 studies to date, a fully equipped x-ray suite, a nity. 
Diasonics Ultrasoune Vascular Lab, a Nihon-Khoden Evoked 

Response Lab, a HFC Anti Convulsant Lab, and MRI facilities 

available 


The Center is involved in an active teaching program and has 
approved medical staden: and residency elective programs with 
the Department of Neurology & Pediatrics at the University of : 
Calfornia at lnpvine amd Memorial Medical Center of Long Beach. Send C.V. to: 
This.is anexcellent opportunity for Pediatric & Adult 
Newrolosists seekine the benefits of ts practice, yet still Patrick Ai Hughes, M.D. 
maintairing’the intel&ctual exc'tement of an academic and 
neuroscienee-envirowment. Salary commensurate with experience. 1233 Abbott Road 
Full partmership in ome year. Positions are open immediately. Buffalo, NY 142 1 8 


Send curriculum vit= to: 
Seach Committee, Los Angeles Neurological Center, 
7831 Jackson Sreet, P.O. Box 347 
Paramount, California 90723-0347 


The Spinal Accessory Nerve in Childhood Hemiplegia 


Joseph C. Marcus, MB, BCh, FCP(SA) 


@ Fifteen of 17 children with hemiple- 
gia were found to have weakness of the 
trapezius muscle but a normally function- 
ing sternocleidomastoid muscle. Very few 
other cranial nerve-mediated deficits 
were found. The difference between the 
two muscles, both supplied by the spinal 
accessory nerve, may depend on a phylo- 
genetic basis, with the former behaving 
like an appendicular muscle and the latter 
like an axial muscle. 

(Arch Neurol 1989;46:60-6 1) 


emiplegia, congenital or acquired, 

is a common finding in childhood 
neurologic disease. Motor cranial 
nerve involvement, however, appears 
to be rare. The facial nerve is the one 
most often affected, but, in infants, 
even this may be normal.' While 
examining children with hemiplegia, I 
frequently noted weakness of the tra- 
pezius muscle on the affected side, 
prompting this study. 


PATIENTS AND METHODS 


Seventeen children, nine boys and eight 
girls, were examined (Table). The ages at 
onset of the hemiplegia varied, ranging 
from 6 months to 13 years. The causes were 
infections and strokes, three each; masses 
and trauma, two each; undetermined neo- 
natal problems, two; and not established, 
five. 

The strength of the trapezius and ster- 
nocleidomastoid (SCM) muscles was exam- 
ined by routine clinical methods, the exam- 
iner resisting elevation of the sheulders 
and rotation of the head while palpating 
the muscles, respectively, on both sides. 
Weakness of the trapezius was pregent in 
15 of the 17 patients on the hemiplegic side, 
but none showed any clinical SCM weak- 
ness. There were no left-right differences. 
Only 13 instances of dysfunction of all the 
other cranial nerves were elicited. 
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ANATOMY 


The spinal accessory nerve arises 
from medullary and spinal nuclei, fus- 
ing just above the foramen magnum. 
The cranial root, originating in the 
nucleus ambiguus with part of the 
vagus nerve, rejoins the latter to sup- 
ply the larynx. Spinal rootlets arise 
from the accessory nucleus, which is 
situated in the lateral aspect of the 
anterior horns of segments C-2 to C-5 
of the spinal cord. They fuse to form 
the main nerve trunk, first supplying 
the SCM and then the trapezius.” 
Although the fibers to the former 
arise rostrally and those to the latter 
caudally,’ there is no division in the 
continuity of the nucleus. Connecting 
branches between the nerve and cervi- 
cal spinal nerves II to IV are thought 
to be motor to the mid-lower trapezi- 
us, but may carry sensory fibers, pos- 
sibly proprioceptive.” 

The cortical center of origin of the 
nerve is in the lower precentral gyrus, 





Patient No./ 
Age, y 





2/8 None 


3/2% Meningitis 

4/5 Neonatal, ?encephalitis 
5/5 None 

6/20 ?Cyst. ?tumor 

7/t2 ?Prenatal drug exposure 


None 

Acute hemiplegia, no 
cause 

Acute hemiplegia, no 

cause 

Perinatal 


10/7% 


11/13 





12/13 





13/13 Car accident 
14/5 None 
15/9 Internal carotid thrombosis, 


no cause 
Car accident 
Brain-stem glioma 






16/7 





*R indicates right: L, lett. 


Patients and Clinica! Data* 


Hemiplegia Trapezius 


1/6% None R Weak ani 


8/ 16 Encephalitis k Weak saii 


mainly in the opposite hemisphere, 
but partly bilaterally represented.‘ 
Brodal,’ however, asserts that there is 
practically total crossing of the eorti- 
cobulbar fibers. 


COMMENT 


The spinal accessery was, far and 
away, the commonest cranial nerve 
affected in this series. In view of this, 
it is difficult to understand why it has 
become the “forgotten nerve” in pedi- 
atric neurology. Most texts mention 
only peripheral lesions, either at the 
foramen magnum or in the neck,’ tor- 
ticollis,*’ or nothing at all.*’ 

Adult neurology and neuroanatomy 
books pay more attention. Toole! 
and Brain and Walton" describe devi- 
ation of the head in the acute phese of 
stroke, resolving with recovery. De 
Jong* says that there is weakness of 
the trapezius in hemiplegia, but only 
slight weakness of the SCM, while 
Brodal? mentions contralateral pare- 
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sisef both museles as being a common 
finding. Chusid® states that there are 
irregular, spasmodic contractions of 
the nec muscles in patients with epi- 
lepey, multiple sclerosis, syphilis, and 
tumors. Central paralysis produces 
difficulty in rotating the head contra- 
laterally and in shrugging the shoul- 
der The muscles are spastic and torti- 
colls results. Carpenter confirms 
the weakness ef movement, but not 
abnormal head position. 

A clinical problem is why the trape- 
ziue wes affected in these children, 
but not the SCM. Although the SCM is 
thought to be supplied from the ros- 
tral, and the trapezius frcm the distal 
par- of the nucleus, there is apparent- 
ly mo discontinuity of the nucleus.’ 
This implies that the cort-cal origin of 
the nerve is also unitary, although 
thie is not explicitly stated.‘ Could the 
SCM have bilateral cortical represen- 
tation‘ and the trapezius only unilat- 
eral? This could make the former 
anaogeus to other cranial nerve- 
innervated muscles—the oculomotor 
complex, facial, and hypoglossal— 
whith can act bilaterally synchro- 
nowsly or alternating, behaving more 
like axial museles, which tend to be 
lese affected in hemiplegia. (The 
facial muscles are a marked exception 
to this in adult hemiplegia.) The tra- 
pezus, on the other hand, “one of the 
busest muscles in the body,’ func- 
tiors as an appendicular muscle, 
showing the same impairment seen in 
limb muscles in hemiplegia. 

Willoughby and Anderson, in a 
study af 100 patients with cerebral 
hemispheric vascular lesions, found 
the SCM to be weak ipsilazerally in 71 
of % cases, but in none centralateral- 
ly. They suggested that this indicated 
ipsi ateral innervation. The head- 
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turning weakness was never severe or 
complete, possibly because of bilateral 
innervation or due to the undefined 
power of the deep neck muscles. The 
incidence of trapezius weakness was 
not mentioned. They suggested that 
the cerebral hemisphere controls 
muscle movements in or toward the 
contralateral side, rather than the 
contralateral muscles per se, explain- 
ing how the SCM’s function fits in 
with the central nervous system sche- 
ma, but noted that ipsilateral tongue 
movements damage this theory. 

There may be a phylogenetic expla- 
nation for this. Straus and Howell’ 
and Pearson et al have discussed the 
evolution of the spinal accessory 
nerve and its muscles. The motoneu- 
ron cell bodies have migrated from 
the caudal end of the vagal nucleus in 
the medulla to take up a new position 
in the ventral horns of the upper- 
mid-cervical cord, following the 
descent of the ncek muscle sheet (neu- 
robiotaxis). In the dogfish, a continu- 
ous muscle sheet extends from the 
skin and superficial fascia of the back 
to the shoulder girdle and the last gill 
arch. Only in reptiles and higher ani- 
mals does one start seeing a separate 
SCM, as the muscles migrate caudally. 
It is suggested that the origin of these 
muscles is branchiomeric rather than 
myomeric. This theory is supported by 
an apparent lack of spindles in the 
trapezius.'’* Straus and Howell’ think 
that the muscles are mixed somatovis- 
ceral in man, explaining the double 
nerve supply, unique in the human 
motor system. The greater caudal- 
distal migration of the trapezius may 
result in its functioning like an appen- 
dicular muscle, compared with the 
axial behavior of the SCM. 

Noden,” however, states that neck 
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muscles appear to arise from somites 
3 and 4, not frcm branchial arches. In 
a series of experiments in which Japa- 
nese quail muscle primordia were 
transplanted into chick embryos, for- 
eign cells, replecing those of the chick, 
were found in the cucullaris (a muscle 
equivalent to the human trapezius) 
when they wer2 derived from cervical 
somite primordia. Thus, it appears 
that the theory of branchial arch der- 
ivation of the trapezius muscle does 
not hold. 

Another twist to the problem has 
been given by Mastaglia et al.'* Mea- 
suring the strength of head turning, 
they found weakness of the SCM ipsi- 
lateral to cerebral hemispheric le- 
sions, but contralateral to medullary 
infarcts. They eoncluded that the cor- 
ticospinal projections to the SCM 
anterior horn cells undergo a double 
decussation, first in the pons and then 
below Cl. This view has also been 
proposed by Geschwind” and, recent- 
ly, by Manon-Espaillat and Ruff.” If 
this is the case, however, fibers to the 
trapezius would not appear to follow 
them, but would have the usual single 
decussation. While this would give a 
functionally uniform lesion, it would 
not make sense anatomically. The last 
word on the innervation and function 
of the neck muscles remains to be 
spoken. 

Whatever the neuroanatomical and 
physiologic explanations may be, 
weakness of the upper trapezius mus- 
cle is a frequent finding in childhood 
hemiplegia and is useful as a confir- 
matory sign. Iz should be taken into 
consideration in any rehabilitation 
program. 


My thanks to Gracy George for typing the 
manuscript. 
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“What do you mean 
by ‘starting early 
inthe treatment 
of Parkinson's disease?’ 


Start therapy 
as soon as signs and symptoms 
first impair daily activities 


Far most patients with Parkinson's disease, 


Sinemet 
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Right from the start 


SINEMET is contraindicated in patients receiving monoamine oxidase 
infabitors (these inhibitors must be discontinued at least two weeks prior 
tomitiating therapy with SINEMET); in patients with known hypersensitivity 
‘to this drug; in patients with narrow-angle glaucoma; and in patients 

with suspicious, undiagnosed skin lesions or a history of melanoma. 


Fora BriefSummary of Prescribing Information, please see the following page. 
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Dosage Guidelines 
Individualized dosage—a key to clinical 
success with SINEMET 

® begin when symptoms first interfere with 
normal function 

e adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 
a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may 
be given separately or combined as needed 
to provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be 
started on one tablet of SINEMET 25-100 

t.i.d. or q.i.d.) : 


For full details on dosage and 
administration, see Prescribing 
Information. 
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Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse re- 
actions, it is necessary to individualize therapy. 
See the WARNINGS (below) and DOSAGE AND AD- 
MINISTRATION sections in the Prescribing Infor- 
mation before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors 
must be discontinued at least 2 weeks prior to initiating 
therapy with SINEMET 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must De discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the orevious levodopa dosage. (See 
DOSAGE AND ADMINISTRATION section of Prescrib- 
ing Information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless pre- 
scribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brein dopamine following ad- 
ministration of levodopa. All patients should be ob- 
served carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution pa- 
tients with past or Current psychoses. Because carbi- 
dopa permits more levodopa to reach the brain and, 
thus, more dopamine to be fermed, dyskinesias may 
occur atlower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to pa- 
tients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarc- 
tion who have resicual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for in- 
tensive cardiac car2 

As with levodopa, there is possibility of upper GI 
hemorrhage in patients with history of peptic ulcer. 

. A symptom complex resembling the neuroleptic 
malignant syndrome inclucing muscular rigidity, ele- 
vated body temperature, mental changes, and in- 
creased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET is 
reduced abruptly or discontinued, especially if the pa- 
tient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although ef- 
fects of SINEMET on human pregnancy and lactation 
are unknown, both evodopa and combinations of car- 
bidopa and levodopa have caused visceral and skele- 
tal malformations in rabbits. Use of SINEMET in women 
of childbearing potential requires that anticipated ben- 
efits of the drug be weighed against possible hazards 
to mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Chilaren: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations 
of hepatic, hematcpoietic, cardiovascular, and renal 
function are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

- Laboratory Tests: Abnormalities in laboratory tests 
may include elevations ofliverfunction tests such as al- 
kaline phosphatas2, SGOT (AST), SGPT (ALT), lactic 
dehydrogenase, and bilirubin. Abnormalities in pro- 
tein-bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 
are lower during administration of SINEMET than with 
levodopa. 


SINEMET® (CarbidopaLevodopa, MSD) may 
Cause a false-positive reaction for urinary ketone 
bodies when atest tape is used for determination of ke- 
tonuria. This reaction will not’be altered by boiling the 
urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glu- 
cosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET. 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient re- 
ceiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. For patients re- 
ceiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS (above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET. 

Phenothiazines and butyrophenones may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking tnese drugs with SINEMET 
should be carefully observed for loss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET are choreiform, dys- 
tonic, and other involuntary movements. Other serious 
adverse reactions are mentai changes including para- 
noid ideation and psychotic episodes, depression 
with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; how- 
ever, a Causal relationship with SINEMET has not been 
established. 

A common but less serious effect is nausea 

Less frequent adverse reactions are cardiac irreg- 
ularities and/or palpitation, orthostatic hypotensive 
episodes, bradykinetic episodes (the “on-off” phe- 
nomenon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ul- 
cer, hypertension, phlebitis. hemolytic and non-hemo- 
lytic anemia, thrombocytopenia, leukopenia, and 
agranulocytosis have occurred. 

Laboratory tests which fave been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), 
SGPT (ALT), lactic dehydrogenase, bilirubin, blood 
urea nitrogen, protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported 
with levodopa are: Nervous System ataxia, numbness, 
increased hand tremor, muscle twitching, muscle 
cramps, blepharospasm (which may be taken as an 
early sign of excess dosage. consideration of dosage 
reduction may be made at this time). trismus, activation 
of latent Horner's syndrome. Psychiatric: confusion, 
sleepiness, insomnia, nightmares, hallucinations, de- 
lusions, agitation, anxiety, euphoria. Gastrointestinal: 
dry mouth, bitter taste, sialorfhea, dysphagia, bruxism, 
hiccups, abdominal pain and distress, constipation, di- 
arrhea, flatulence, burning sensation of tongue. Meta- 
bolic: weight gain or loss, ederra. Integumentary: 
malignant melanoma (see also CONTRAINDICA- 
TIONS), flushing, increased sweating, dark sweat, skin 
rash, loss of hair. Genitourinary: urinary retention, uri- 
nary incontinence, dark urine, priapism. Special 
Senses: diplopia, blurred vision, di ated pupils, oculo- 
gyric crises. Miscellaneous: weakness, faintness, fa- 
tigue, headache, hoarseness, malaise, hot flashes, 
sense of stimulation, bizarre breathing patterns, neuro- 
leptic malignant syndrome 
Overdosage: Managementof acute overdosage with 
SINEMET is basically the same as management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 25- 
100, and SINEMET 25-250 are supplied in botties of 100 
and unit dose packages of 100. 

Storage 
Tablets SINEMET 10-100 anc Tablets SINEMET 25-250 
must be protected from light. 
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Lexical Agraphia in Alzheimer’s Disease 


Steven Z. Rapcsak, MD; Susen A. Arthur, MS, CCC-SLP; David A. Bliklen, MD; Alan B. Rubens, MD 


e We studied spelling ir 11 patients 
wit senile tementia of the Alzheimer 
type (SDAT), anc their performance was 
cortrasted wth that of normal controls. A 
consistent ar specific pattern of linguis- 
tic egraphia was identified in the group 
wits SDAT. 2 though patients with SDAT 
spelied regular words and nonwords as 
well as contmls, they performed signifi- 
camtiy worse when they spelled irregular 
woms. These findings indicated an 
imgeirmento the lexical spelling system, 
consistent with the diagnosis of lexical 
agraphia. Ou observations suggested a 
joss of worc representations from the 
orthegraphic exicon in SDAT and/or an 
inability to access these representations. 


However. pkonolocical spelling (pho- 
neme-grapheme conversion) was largely 
spared. 


(Arch Neurol 1989;46:65-68) 


m 1907, ‘Alzheimer! described a 

patient wth a progressive dement- 
ingillness wao, in addition to aphasia 
anc alexia, aso demonstreted agraph- 
ia. Since Alzheimer’s! original report, 
several mvestigators have commented 
on “he frequent occurrence of agraph- 
ia in senile @mentia of th2 Alzheimer 
type (SDAT).* It is apparent from 
these studie. that in SDAT, both the 
linguistic ard the motor components 
of writing may became compromised. 
Linguistic errors often reflect an 
imeerreet chace of letters, resulting in 
misspellings However, the spelling 
errers:0: patents with SDAT have not 
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been subjected to systematic linguis- 
tic analysis; therefore, it is not known 
which cognitive-linguistic processes 
involved in spelling are disturbed by 
the disease. 

According to linguistic informa- 
tion-processing models, there are at 
least two parallel systems available 
for spelling”? The phonological sys- 
tem utilizes sound-letter or phoneme- 
grapheme conversion rules and is pre- 
dominantly relied on when spelling 
orthographieally regular unfamiliar 
words or prenounceable nonword let- 
ter strings (eg, wape).'*'' The lexical 
system, on the other hand, utilizes a 
whole-word retrieval process and 
requires consultation of an internal 
memory store of learned spell- 
ings.'*'2"4 It is believed that word rep- 
resentations in this orthographic lexi- 
con are in the form of visual word 
images.” The lexical system can medi- 
ate spelling of familiar orthographi- 
cally regular words (words with 
predictable phoneme-grapheme corre- 
spondence, eg, mint), and it is espe- 
cially important for spelling familiar 
orthographieally irregular words 
(words that cannot be spelled by 
direct phoneme-grapheme correspon- 
dence rules, eg, choir) and ambiguous 
words (words with phonemes that can 
be represented by more than one 
potential grapheme or graphemic 
sequence, eg, city).'°'? Although the 
phonological system could conceivably 
mediate spelling of familiar regular 
words, it appears that it is utilized for 
this task only when the lexical system 
is impaired.” The two spelling sys- 
tems are believed to mediate both 
written and oral spelling.” 

Neuropsychological studies have 
shown that focal brain damage can 


produce selective impairment of one 


spelling system while leaving the oth- 


er system relatively intact. Disruption 
of the phonological system results in 
phonological agrapłia.™! Patients 
with phonological agraphia cannot 
spell nonwords, but they retain the 
ability to spell both regular and irreg- 
ular words, as they can rely on the 
lexical spelling system. Their spelling 
errors are usually not phonologically 
correct but often have a visual simi- 
larity to the target word. Damage to 
the lexical system produces the syn- 
drome of lexical agraphia.'*"* The dis- 
order is characterizec by better spell- 
ing of nonwords anc regular words 
than irregular words. Patients with 
lexical agraphia rely on spelling by 
the phonological system and conse- 
quently often produce errors that are 
phonologically correct (ie, menis for 
menace). 6 

To examine the effect of SDAT on 
the phonological and lexical spelling 
systems, we studied spelling im 11 
patients with clinically diagnosed 
Alzheimer’s disease. The performance 
of patients with SDAT was contrasted 
with that of normal controls. 


SUBJECTS AND METHODS 
Subjects 


Patients With SDAT.—Eleven patients 
fulfilling National Institute of Neurologi- 
cal and Communicative Disorders and 
Stroke criteria for the clinical diagnesis of 
probable Alzheimer’s disease” participat- 
ed in the study. The mean age for the 
patient group with SDAT was 76 years. All 
patients had at least eigat years of formal 
education (mean, 13.9 years; range, eight to 
18 years). All patients were right-handed. 
Scores on the Mini-Mental State'* exami- 
nation ranged from 7 to 21 (mean, 12.9). 

Controls.—The control group consisted of 


ten neurologically intact right-handed sub- ` 


jects. The mean age for the group was 72 
years. All subjects had at least eight years 
of formal education (mean, 12.3 years; 
range, eight to 18 years) 
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Formal Language Evaluation 


Oral language functions were assessed 
with the Western Aphasia Battery 
(WAB).” 

Reading comprehension of sentences 
was evaluated by using the test items on 
the reading section of the WAB. Reading 
aloud was further assessed with the Bat- 
tery of Adult Reading Functions.” This 
battery contains subsections for evaluat- 
ing reading of nonwords and regular and 
irregular words. It also allows a compari- 
son between the reading of functors and 
contentives that are balanced for frequen- 
cy and graphemic length. 

Spelling was evaluated by asking sub- 
jects to write words to dictation. We tested 
spelling of regular and irregular words 
that were matched for length and frequen- 
cy of occurrence,” as well as spelling of 
pronounceable nonword letter strings and 
functors. Thirty words from each category 
were used. Subjects were asked to repeat 
the target word before writing it. Five 
patients in the group with SDAT were 
unable to form legible graphemes (apraxic 
agraphia), and these patients were asked 
to spell the words orally. 


RESULTS 
Oral Language Functions 


Formal assessment of oral language 
functions revealed that all patients in 
the group with SDAT were aphasic. 
Based on their performance on the 
WAB, six patients were classified as 
anomic, and five were classified with 
transcortical sensory aphasia (Table). 
No evidence of aphasia was found in 
the control group. 


Reading 


Most patients in the group with 
SDAT showed impaired reading com- 
prehension, although reading aloud 
was usually well preserved. However, 
in three cases, nonword reading was 
impaired, while reading of regular 


_ and irregular words was intact (pho- 


nological alexia) (Table). Controls 
performed flawlessly on the reading 
tasks. 


Spelling 


In the analysis of spelling perfor- 
mance, subject scores were expressed 
as the percentage correct for each 
word type (regular, irregular, non- 
word, and functor). These scores were 
subjected to a two-factor (subject 
group X word type) analysis of vari- 
ance, followed by Newman-Keuls tests 
for conducting pairwise comparisons 
between means. The two-factor analy- 
sis of variance on the test scores 
revealed significant main effects of 
subject group (F'[1,76]=61.03, 
P <.001); word type (F[3,76]=20.50, 
P<.001); and a significant interac- 
tion between subject group and word 
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Language Profile of Patients With SDAT* 


Patient Aphasia 
1 Anomic 


Alexia 
Impaired reading comprehension 


Linguistic Apraxic 
Agrapnia Agraphia 
Lexical acraphia -= 


plus phonological alexia 


Anomic Lexical agraphia 


Transcortical sensory 


Impaired reading comprehension 


Lexical acraphia 


plus phonological alexia 


4 Anomic Impaired reading comprehension Lexical agraphia — 
with preserved oral reading 
5 Anomic Impaired reading comprehension Lexical agraphia + 
with preserved oral reading 
6 Transcortical sensory Impaired reading comprehension Lexical agraphia + 
with preserved oral reading 
7 Transcortical sensory Impaired reading comprehension Lexical acraphia + 
plus phonological alexia 
8 Transcortical sensory Impaired reading comprehension Lexical agraphia + 
with preserved oral reading 
9 Anomic Impaired reading comprehension Lexical agraphia - 
with preserved oral reading 
10 Transcortical sensory Impaired reading comprehension Lexical agraphia + 
with preserved oral reading 
11 Anomic Impaired reading comprehension Lexical agraphia om 





with preserved oral reading 





*SDAT indicates senile dementia of the Alzheimer type; plus and minus signs ircicate the presence or 
absence of apraxic agraphia. 


type (F[3,76]=11.77, P < .001). 

Post hoc comparisons (Newman- 
Keuls) indicated that the group with 
SDAT performed significantly worse 
on irregular words than the control 
group (P < .05). No significant group 
differences were found for nonwords, 
regular words, and functors (Figure). 
Most of the errors of patients with 
SDAT on irregular words were phono- 
logically correct. 

No correlation was found between 
Mini-Mental State scores and spelling 
performance in the group with SDAT 
(Pearson’s correlation coefficient). 
The severity of agraphia did not cor- 
relate with the type of aphasia or the 
degree of comprehension and naming 
impairment. 


COMMENT 


Our results demonstrated a specific 
and consistent pattern of linguistic 
agraphia in the group with SDAT. 
Although patients with SDAT spelled 
regular words and nonwords as well 
as controls, they performed signifi- 
cantly worse when they spelled irreg- 
ular words. In addition, most of their 
spelling errors on irregular words 
were phonologically correct (ie, oner 
for honor). These findings indicated a 
selective impairment of the lexical 
spelling system and reliance on the 
phonological system, consistent with 
the diagnosis of lexical agraphia.!2"3""° 
As in other previously reported cases 
of lexical agraphia, spelling was not 
affected by word class (ie, contentives 
vs functors).'*"* Since spelling by the 
lexical system requires a whole-word 


retrieval process from the ortho- 
graphic lexicon, our findings sug- 
gested a loss of worc representations 
from the orthographic lexicon in 
SDAT and/or an inabilizy to access 
these representations. However, pho- 
nological spelling +phoneme-graph- 
eme conversion) eppeared to be 
spared, as evidenced by the patients’ 
preserved ability to spell regular 
words and nonwords. 

Although written and oral spelling 
are potentially dissociable, the spell- 
ing performance of our patients was 
linguistically similar regardless of the 
type of motor outpu= used in testing. 
These findings provided evidence that 
spelling was disrupted at the central 
stage of linguistic operations prior to 
the programming of motor output and 
supported the view that the same core 
linguistic processes underlie both 
written and oral speling." 

It is generally he-d that language 
deterioration in SDAT predominantly 
affects lexical, semantic. and prag- 
matic abilities, while phonological 
and syntactic operations are largely 
spared.*’**** These conclusions are 
based mostly on studies that focused 
on oral language furctions and read- 
ing in patients wth SDAT. The 
results of our study complement these 
observations by demonstrating the 
differential vulnerab- lity of lexical vs 
phonological spelling in SDAT. 

Ten patients with lexical agraphia 
have been described to date.!2!3'62932 
Most cases of lexical agraphia are 
caused by focal damaze to the left tem- 
poro-parieto-occipital region. Roelt- 
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Mean % Correct 


Regular 


Irregular 





Nonword Functor 


Spelling performance ot patients with senile dementia of the Alzheimer type (closed squares and 
solid tine) and Controls (closed circles and dotted line). Word types are given on x axis. 


gen and Heilman proposed that 
within this area, the junction of the 
angular gyrus with the parieto-occipi- 
tal lebule ma- be the critical anatom- 
ical substrate for lexical spelling. 
Consistent wi h this localization is the 
fact that lewical agraphia is often 
assomiated with fluent aphasia and 
alexia. The ty»es of aphasias reported 
include anome, trarsccrtical sensory, 
Werrickes, azd a unique case of tac- 
tile aphasia. The various reading dis- 
turbencesinclade phonological alexia, 
surface dyslexia, and letter by letter 
readimg. We are aware of only one 
previous case »eport of lexical agraph- 
ia thet oecurmed in the setting of a 
demexting illzess, probably SDAT.” 
In ow group ef patients with SDAT, 
the syndrome was consistently ob- 
served ard veas clinically indistin- 
guishable fror lexical agraphia that 
follows fecal lesions. As in most 
patients with focal damage, lexical 
agraphia in patients with SDAT was 
assoczated with fluent aphasia and 
alexie. 

Pic=* was tLe first to suggest that 
specife aphas= syndromes identical 
to these seen “ollowing focal lesions 
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York, Hafner Press 1977, pp 41-43. 

2. Fostein MF, Breitner JCS: Language disor- 
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5. Belrendt JE: “Alzheimer’s disease and its 
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may occur in senile atrophy of the 
brain. He proposed that these syn- 
dromes were caused by a “local accen- 
tuation of a diffuse process.” Regional 
accentuations of the characteristic 
pathological changes of SDAT in the 
cerebral cortex are well documented 
and appear to follow a consistent ana- 
tomical pattern.** The degenerative 
process affects the multimodal associ- 
ation cortex of the temporo-parieto- 
occipital junction most severely and 
most consistently. The pathological 
findings are paralleled by cerebral 
blood flow and positron emission 
tomographic studies in SDAT that 
show a marked reduction in metabolic 
activity in the temporo-parieto-occipi- 
tal association areas, as well as an 
inability to activate these regions dur- 
ing cognitive effort.’ Furthermore, 
patients with SDAT who have apha- 
sia, alexia, and agraphia show the 
most significant reduction of metabol- 
ie activity in the temporo-parieto- 
occipital region on the left side.” 
Given the above considerations, it is 
not surprising that language dysfunc- 
tion is a consistent feature of 
SDAT**7* and that the pattern of 
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@ The effect of voluntary mental inftu- 
ences on the tendon reflexes was exam- 
ined in healthy subjects. The patellar 
: reflexes were evoked by a method com- 
- parable with the clinical examination, and 
the reflexes were recorded by surface 
electrodes. Eighteen subjects were 
- Instructed to increase and then decrease 
_ the right patellar reflex by mental effort, 
_ without contracting any muscles. Most 
-subjects increased the reflex in both con- 
_ ditions. Subsequently, ten subjects were 
_ Instructed to increase the right patellar 
reflex and decrease the left by mental 
_ effort. Measurement showed reflex asym- 
metry in seven subjects consistent with 
Ə instruction. The experiment was 
apeated in another 20 subjects with sym- 
metric reflexes at rest. Ten of these sub- 
jects were, after random assignment, 
structed to increase either the right or 
@ left knee jerk. All subjects (and an 
ditional 15 asymmetric contro! sub- 
sts) were examined by a neurologist 
without knowledge of the instruction. 
ree of the ten instructed subjects were 
rrectly judged to be asymmetric, but 
e agreement between instruction and 
urologic judgment was not statistically 
ignificant. Mentally induced reflex asym- 
try is possible, and may be clinically 
elevant in some cases. ° 

_ {Arch Neurol 1989;46:70-73) 
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Tendon Reflex Asymmetry by 
Voluntary Mental Effort in Healthy Subjects 


Jan Stam, MD; Hans D. Speelman, MD; Hans van Crevel, MD 


he examination of the tendon 

reflexes is regarded as a reliable 
and objective part of the neurologic 
examination. Cooperation of the 
patient is not needed, and it is usually 
assumed that patients eannot influ- 
ence their refiexes voluntarily.' Ac- 
cordingly, it is supposed to be difficult 
to simulate abnormalities of the 
reflexes.’ Incidental observations on 
students during instruction in the 
neurologic examination showed us 
that some subjects can influence their 
reflexes easily by mental activity. 
Experimental studies have shown 
that various kinds of mental activity 
can change the amplitude of the 
reflexes, * but the methods in these 
studies are rather remote from the 
clinical method of evoking reflexes, 
and it may be questioned whether 
these laboratory findings apply to the 
neurologic examination. Moreover, 
these studies do not answer the ques- 
tion whether mental activity could 
result in reflex asymmetry, which is 
clinically more important than a mere 
increase of the reflexes on both 
sides. 


We therefore investigated the pos- 
influences on 


sibility of mental 
reflexes, using a method that allows 
comparison with the normal clinical 
examination, and with emphasis on 
the possibility of voluntary reflex 
asymmetry. 


SUBJECTS AND METHODS 


Three experiments were performed to 


study different aspects of mental influence 
on reflexes. In the first experiment the 
possibility that subjects might be able to 
increase and decrease the amplitude of the 
electromyographically measured knee jerk 
was examined. In the second experiment 





we investigated whether this mental influ- 
ence might cause significant asymmetry of 
the recorded reflexes, and we analyzec the 
possible influence of variations in stimulus 
intensity. The third experiment was 
designed to see if the results could be 
reproduced in randomly assigned subjects, 
and if the measured asymmetry of reflexes 
could be detected by a neurologist whe did 
not know how the subjects were in- 
structed. 

In all experiments the patellar reflexes 
were evoked with an ordinary clinical 
reflex hammer that was operated by hand. 
A piezoelectric transducer in the hammer 
delivered a trigger pulse for the electro- 

myogram (EMG) recorder and a signal 
indicating the strength of the tendon tap. 
Tendon taps of “maximal” strength were 
applied, that is, taps of sufficient intensity 
to evoke a saturated, maxima! reflex. Tech- 
nical details of this method have been 
described previously.’ The reflex response 
was recorded by surface elec:rodes placed 
over the quadriceps muscle, 5 and 19 em 
proximal to the superior patellar margin. 
During the reflex measurements, subjects 
were lying supine with closad eyes. The 
legs were supported in a standard position 
(hip flexion, 150°, and knee flexion, 135°, 
approximately). 

In the first experiment 18 healthy sub- 
jects (aged 25 to 32 years) were examined. 
Initially, they were asked to relax and the 
right patellar reflex was recorded (base- 
line. condition). Next, they were instracted 
to try and increase the reflex by any kind 
of mental effort of their own choice, with- 
out eontracting any mascle or changing 
their respiratory pattern (increase condi- 
tion), After recording the reflex the sub- 
jects were instructed to decrease’ the 


reflex, again without applying muscular = 
contractions (decrease condition). Some _ 


trial reflexes were evoked in each conditio 
to make sure no visible muscle activit, 
occurred. k 

The second experiment was conductei 
with 1 ten of the 18 8 subjects. The Bia an 
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This program was designed to simulate a 
neurologist who distributes the experi- 
mentally observed judgments at random 
accrss the 20 subjects. The program was 
run 100000 times to obtain an estimate of 
the percentage ef chance results equal to or 
better than the experimental results. 


RESULTS 


In the first experiment the instruc- 
tions to incr2zase the right patellar 
reflex resulted in a significant eleva- 
tion of the mean reflex amplitude to 
151% of the baseline amplitude (Stu- 
dent’s t test; P < .005). In four of the 
18 subjects the reflex amplitude was 
inereased to more than 200% (Fig 1). 
In the decrease condition both de- 
creased and increased reflexes were 
present, but most reflexes were 
inereased, resulting in a mean reflex 
amplitude of 119% relative to the 
baseline concition (Student’s ¢ test, 
P= 411). 

The average stimulus strength in 
both experimental conditions was less 
than in the baseline condition, 175 
arbitrary units (AU) as opposed to 197 
AU (Student’s t test, P < .02). Analy- 
sis of variance showed that variations 
in stimulus szrength had no influence 
on reflex amplitude, and that the only 
significant factor was instruction 
(P < .005). 

The results of the second experi- 
ment are shown in Fig 2. In the rest 
condition most reflexes were lower 
compared with the baseline condition 
ard small ləft-right differences in 
bcth directions were present. The 
mean reflex amplitudes in this condi- 
tion were 86% (right) and 88% (left) 
of the initial baseline value of the 
right patellar reflex. After the 
instruction te induce reflex asymme- 
try, both right and left reflexes were 
increased in seven subjects. The right- 
sided reflexes showed the greatest 
increase resulting in significant reflex 
asymmetry consistent with the in- 
struction. The mean amplitudes in 
this condition were 180% (right) and 
185% (left) relative to the baseline 
value (Studeat’s t test for right-left 
difference; P < .01). 

The average stimulus intensities on 
the right and left sides were 165 and 
162 AU, respectively, in the rest condi- 
tion, and 165 and 158 AU, respectively, 
after the -nstruction. Differences 
between rigkt- and left-sided stimuli 
were not statistically significant (Stu- 
dent’s £ test; P=.08 and P=.12, 
respectively). Neither variations in 
stimulus strength nor stimulus pre- 
sentation (right and left alternating 
or random) kad a demonstrable influ- 
ence on reflex amplitude (analysis of 
variance). 
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Fig 1.—Results of instruction to increase (A) 
and to decrease (B) right quadriceps reflex by 
mental effort. Ordinate, reflex amplitude rala- 
tive to baseline amplitude. Each point repr = 
sents mean of five naxima’ reflex responses 
in one subject. 


The maximally amplified EMG in | 
three subjects did not show any volun- — 
tary muscle activity during the efforts a 
to increase the patellar reflex. === 

The results of the third experiment 
are summarized in Fig 3. The effects. 
of mental influence on reflex asymme- 
try were reproduced: analysis of vari- 
ance showed a significant effect of the 
instruction on the measured right-ieft 
differences, whether expressed in mil- 
livolts (N = 20; P = .001), or as rela- 
tive differences (P = 099). Mean stim- 
ulus intensities in the ten symmetric 
subjects who received no instruction- 
were 188 AU (right) and 186 AU (left). l 
In the ten sukjects randomized to 
increase one (right or left) reflex, the 
mean stimulus strength was 178 AU 
for the side that should be increased 
and 182 AU Zor the side tọ be 
decreased (Student’s t test; P = 44). 

The neurologist (H.D.S:) judged the 
reflexes to be asymmetric in three of 
the ten subjects who were instructed 
to increase one reflex, and the direc- 
tions of the observed asymmetry 
(right or left increased) were in agree- 
ment with the directions of the 
instruction, anc of measured asym- 
metry. Two of the ten symmetric sub- 
jects who were not instructed were 
also judged to ke asymmetric. In one 
of these subjects the measured ampli- 
tudes were equal on beth sides, and in 
the other subject the direction of mea- 
sured asymmetry was opposed to clin- 
ical judgment. The observed right-le 
differences measured maximall 
point on the nine-point seale. Cl 
judgment was in agreement wit. 
instruction in 11 of che 20 su 
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Fig 2.—Reflex amplitudes at rest (I) and after instruction to produce 
reflex asymmetry by mental effort (Il). Ordinate indicates reflex ampli- 
tude relative to baseline amplitude of initially measured right quadriceps 
reflex; abscissa, right (R) and left (L) reflexes; filled symbols, right and 
left tendon taps delivered alternatingly; and open symbols, taps in 


random order. 


(eight times symmetric, three times 
asymmetric). A similar or better 
result was obtained in 9.4% of the 
computer experiments with a simu- 
lated random distribution of the 
observations (P = .09). 

Six of the 15 spontaneously asym- 
metric subjects were judged to be 
asymmetric, all in the same direction 
as the measurement. The correlation 
between measured and observed 
right-left differences for all subjects 
is significant (Spearman’s r, 0.58; 
N = 35; P < .001). 

The neurologist (H.D.S.) had not 
observed anything remarkable during 
the reflex examinations, such as vol- 
untary muscle contractions or other 
signs of visible effort. 


COMMENT 


The described experiments show 
that healthy subjects can mentally 
reinforce their tendon reflexes eas 
recorded by surface electromyogra- 
phy, and that right-left differences 
can thus be induced. The possibility 
that the mentally induced reflex 
changes are caused by some bias in 
stimulus strength was excluded by 
using maximal (actually supramaxi- 
mal) stimuli in all conditions, ie, stim- 
uli larger than the minimal intensity 
that causes a saturated response 
amplitude. For such stimuli the reflex 
amplitudes are expected to be inde- 
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Fig 3.—Relative right-left differences of reflex amplitudes in healthy 
subjects. Relative differences (ordinate) are expressed as right-left 
difference in millivolts, divided by average amplitude in millivolts: 
{Iri — le]/[(ri + le)/2]} X 100%. | indicates 15 subjects with some 
degree of spontaneous reflex asymmetry; Il, 20 subjects with symmet- 


ric reflexes at rest, after different instructions: A, no instruction 
(N = 10); B, instruction to increase right refiex (N = 5); and C, 
instruction to increase left reflex (N = 5). Open symbols represent 
symmetric reflex and filled symbols asymmetrie reflex according to 
neurologist (H.D.S.). Arrows indicate cases for which neurologic 
observation was not in agreement with measurement. 


pendent of stimulus strength, and this 
was confirmed by analysis of vari- 
ance. 

An important question in this study 
is whether the measured right-left 
differences could be observed clinical- 
ly. The fact that the blinded neurolo- 
gist (H.D.S.) correctly observed a 
reflex asymmetry in three of the ten 
instructed subjects supports the idea 
that mental influence on reflexes can 
sometimes be clinically relevant. The 
incorrect judgment of reflex asymme- 
try in two of the ten symmetric sub- 
jects, however, challenges that result, 
and comparison with the results of a 
simulated “chance” observer shows 
that the concordance between instruc- 
tion and clinical observation is not 
statistically significant (P = .09). 

Although a significant association 
exists between measurement and 
observation of reflex asymmetries, 
the results of surface EMG recording 
do not always agree with clinical 
observation. One possible explanation 
for the disagreement that occurred in 
group A (Fig 3) is that the neurologist 
(H.D.S.) may have observed an asym- 
metry of responses after weak tendon 
taps, whereas the maximal stimuli 
used for reflex measurement resulted 
in symmetric responses, or, in one 
instance, in asymmetry in the oppo- 
site direction. 

The incomplete agreement between 


instruction and clinical observation in 
the ten instructed subjeets (groups B 
and C in Fig 3) can be explained by the 
fact that not all subjects were able to 
induce reflex asymmetry and by the 
fact that the effects of mental influ- 
ence are usually small; the magnitude 
of the mental effects on reflex ampli- 
tude are comparable with the natural- 
ly occurring right-left differences of 
the knee jerk (Fig 3). That both the 
spontaneous and the induced right- 
left differences are small does not 
imply that they are without clinical 
importance. In difficult cases, espe- 
cially, any reflex asymmetry may 
attract the attention of the neurolo- 
gist and may influence the inter- 
pretation of the neurologic exam- 
ination. 

Whether the “mental” effects are 
caused by some central influenee on 
spinal neuronal circuits, or whether 
small muscular contractions are also, 
or exclusively, important, is difficult 
to assess. The described experiments 
were not designed to answer that 
question, and the possibility that the 
voluntary reflex asymmetries are 
caused by voluntary muscular activity 
cannot be excluded. It is well known 
that contraction of remote muscles!” 
and of muscles involved in the reflex 
itself can increase the reflex ampli- 
tude. Furthermore, it has been shown 
that activity of remote muscles, as in 
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Jemdrassik’s maneuver. is often 
accampaniee by small contractions or 
passive displacement of the muscle 
invalved in the reflex.'* This evokes 
act:vity in sensitive 1A afferents, 
wheeh may cause reflex reinforce- 
ment. In the same study, however," 
reinforcement of tendon reflexes was 
alse observed after Jendrassik’s 
maneuver without concomitant con- 
traction, dislacement, or 1A activity. 
Thas, reflex reinforcement without 
cortraction of the involved muscle is 
phrsiolegically possible. If the pres- 
ently obser-ed voluntary changes of 
reflexes are caused by muscular con- 
tractions these ccntractions must be 
minute. sire no muscular activity 
was visible during the experiments 
and the maximally amplified surface 
EMG dd rot shew voluntary back- 
greund activity in the quadriceps 
muscle. Even if the mental influences 
were medieted by minimal contrac- 
tions im the quadriceps or in remote 
muscles, ths woud be clinically irrel- 
evant because the contractions would 
not be visible during the neurologic 
examinatioa. 

Various studies have shown that 
rellexes car be influenced by mental 
activity. Eh the above-mentioned 


L Wartenbeg R: The Examination of 
Re@exes. Chicago, Year Book Medical Publishers 
Ine, 194& p IX 

= DeJong EN: The Neurologic Examination. 
New York, Ha-per & Row Publishers Inc, 1979, p 
425. 

=. Brunia CMM, Vusster FM: Spinal reflexes as 
in@icator of notor preparation in man. Physiol 
Psychol 1979;— 377-380. 

.. Scheirs JIM, Brunia CHM; Effects of stim- 
ules anditask acters en Achilles tendon reflexes 
eveked early quring a preparatory period. Phys- 
iol Beha» 198528:681-585. 

». Bathien 4: Reflexes spinaax chez l'homme 
et niveaux d’sttention. Electroencephalogr Clin 
Neurophysiol _971:30:32-37. 

5. Emery FS: The influence cf mental activity 
om the height of the knee jers. Am J Physiol 
1981;97:658-6€. 

7. Stam J, =an Leewwen J: A simple measure- 
ment hamme for quantitative reflex studies. 
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study of Jendrassik’s effect,” reflexes 
could be reinforced by subjects who 
merely attempted to contract a 
remote musele that was paralyzed by 
local anesthesia of its nerve. The per- 
formance of cognitive tasks such as 
mental arithmetic®*® and the presenta- 
tion of an auditory stimulus'** have 
been found to cause an increase of 
reflex amplitudes. Other experiments 
have shown that tendon reflexes are 
increased in subjects preparing to 
perform a motor task after a warning 
signal, both in muscles involved and 
not involved in the task.‘ The effect 
was stronger in the muscles involved 
in the task (plantar flexion of the 
right foot in a reaction time experi- 
ment), and this caused some differ- 
ence between right- and left-sided 
Achilles refiexes.* 

The observed effects of mental 
activity on the tendon reflexes are at 
variance with the classic idea that 
reflexes are independent of the will. 
Indirect support for our observation 
may be derived from reports on volun- 
tary influemce on other physiologic 
processes that are supposedly auto- 
matic, such as visual-evoked poten- 
tials, which can be profoundly altered 
by voluntary mental activity, without 
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moving the eye away from the stimu- 
lus.” 

This study shows trat subjects can 
increase their reflexes after a simple 
instruction anc without visible mus- 
cular activity, and that significant 
asymmetry of electromyographically 
recorded reflexes can thus be induced. 
This mental effect on reflex amplitude 


may cause clinically detectable reflex . 


asymmetry in some healthy subjects, 
but our results concerning clinically 
observed reflexes did not reach statis- 
tical significanee. 

Our combined results led us to the 
assumption that patients may influ- 
ence the results of the reflex examina- 
tion to some extent and that in neuro- 
logic practice the possibility of facti- 
tious asymmetries of the tendon jerks, 
caused by unintended or deliberate 
mental influenee, should be taken into 
consideration. 
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Recent Update 


@ We reviewed the medical records of 
118 episodes of status epilepticus in 193 
. children who were admitted to the hospi- 
-tal between 1983 and 1987. Of the epi- 
- g0des, 61% were in boys and 39% in giris, 
with an age range of 1 month to 14 years 
: (average, 3.2 years). The majority of epi- 
= sodes (73%) occurred in patients who 
_ were less than 5 years old, with 61% less 
_ than 3 years old and 28% less than 1 year 
old. Status epilepticus as the initial sei- 
_ gure occurred in 71% of episodes. in 
patients under 1 year of age, 75% of 
episodes were associated with acute 
- Causes (bacterial meningitis in 28% and 
i: electrolyte disorders in 30%), and 23% 
‘were idiopathic (19% associated with 
fever). In children less than 3 years old, 

AT% ot episodes had an acute cause, 9% 
a previously known seizure disorder, 
nd 32% were idiopathic (30% associated 
h fever). in patients older than 3 years, 
28% of episodes were associated with 
acute causes, 38% were known epilep- 
tics, and 13% were idiopathic (11% had 
fever). Overall mortality was 6%, with 1% 
all episodes ending in death during the 
resenting seizure. We conclude that the 
iology of status epilepticus is age re- 
ted, with acute causes being more com- 
on in patients with a younger age at 
presentation. When our data are com- 
dared with other large studies in childrch, 
it appears that mortality associated with 
status epilepticus has decreased. 

-~ (Arch Neurol 1989;46:74-76) 
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tatus Epilepticus in Children 


Steven A. Phillips, MD, Robin J. Shanahan, MD 


espite significant advances in 

treatment, status epilepticus re- 
mains a medical emergency with sig- 
nificant morbidity and mortality. 
Neuronal damage can result from a 
prolonged seizure alone, and the sys- 
temic derangements that accompany 
status epilepticus can be life threaten- 
ing. Status epilepticus is more com- 
mon in children than adults? In a 
landmark study, Aicardi and Chevrie‘ 
reported a mortality of 11% in 239 
infants and children with status epi- 
lepticus between 1962 and 1969. No 
identifiable causes were found in 53% 
of their patients, but approximately 
half were associated with fever. The 
remaining cases were equally divided 
between patients with acute causes 
and children with knewn chronic 
encephalopathies. 

In the 20 years since Aicardi and 
Chevrie’s review, there have been few 
studies of the mortality and etiology 
of status epilepticus in children. The 
purpose of this study was to investi- 
gate whether recent diagnostic tech- 
nology has clarified the etiology of 
status epilepticus and if recent mor- 
tality has impreved. 


PATIENTS AND METHODS 


We reviewed the medical records of 554 
patients who were admitted to the Pediat- 
ric Intensive Care Unit at Children’s Hos- 
pital Oakland (Calif) from 1983 to 1987 
with the admitting diagnosis of seizure or 
status epilepticus. We defined status epi- 
lepticus as any continuous seizure lasting 
longer than 30 minutes or a series of 
seizures during which the patient failed to 
regain consciousness for at least 30 


minutes. With this definition, 218 epi- 


sodes of status epilepticus were identified 
in 193 patients. All patients had general- 


ized convulsive status, and patients with 


imaging, electroencephalogram, 





nonconvulsive status or partial motor sta- 
tus were excluded. We were involved in the 
care of many of these patients. 

Acute central nervous system (CNS) 
infections were documented by cerebrospi- 
nal fluid findings and/cr culture results. 
Acute anoxic injury was confirmed by a 
history of a severe well-documented hy- 
poxic episode. All patients included in the 
category of metabolic derangements had 
confirmed laboratory abnormalities, as 
follows: hyponatremia (sodium level, <125 
mmol/L), hypernatremia (sedium level, 
>155 mmol/L), hypocalcemia (calcium lev- 
el, <1.50 mmol/L), and hypoglycemia (glu- 
cose level, <2.22 mmol/L}. Patients catego- 
rized as having toxic ingestion had positive 
results of toxin screens. The miscellaneous 
category included patients with hyperten- 
sive crisis, fulminant hepatitis, pheochro- 
mocytoma, and a newly diagnosed factor 
VIII deficiency with intracranial hemor- 
rhage. Patients in whom no acute cause 
was found for their status epilepticus and 
who had a CNS disorder documented 
before presentation were included in the 


category of chronic encephalopathy. In- =- 


cluded in this group were neurocutaneous 
disorders (Sturge-Weber syndrome, tuber- 
ous sclerosis, neurofibromatcsis, etc), doc- 
umented birth asphyxia and/or birth 
injury, and confirmed eongenital brain 
malformations. Known epileptics were cat- 
egorized according to association of status 
epilepticus with subtherapeutic anticon- 
vulsant levels and/or fever. Episodes of 
status epilepticus that, after vigorous diag- 
nostic workup (generally including cem- 
puted tomography or magnetiz resonance 
lumbar 
puncture, and screening blooc and urine 
evaluation), had no definable cause were 
classified as idiopathic with or without 
associated fever. 


RESULTS 


We reviewed 218 episodes of status 
epilepticus 


in 193 patients. a 
patients had multiple episodes of sta- 
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Ten. 


regard to age at presentation (Ta- 
ble 3). 

The mortality for all episodes of 
status epilepticus was 3% (13/218). In 
patients who had no eérlier history of 


Table 1.—Causes of Status Epilepticus in Children and Infants 


No. (%) 
ee eee > 


Present Study 


Aicardi and z li 
Chevrie, 1970 All Episodes First Episode status epilepticus, the mortality was 
(N = 239) (N = 218) (N = 193) 6.7% (13/193). Two patients (1% ) died 








Acute 
Purulent meningitis 
Aseptic meningitis 
Subdura!l henatoma 
Encernailitic 
Dehyeratior and electrolyte disorders 
Acutesanox= injury 
Hypocalcenma 
Toxic inges-on 
‘Other 


during their initial seizure, presum- 
ably secondary to the immediate com- 
plications of status epilepticus. One 
patient died within 24 hours of pre- 
sentation secondary to fulminant hep- 
atitis, and ten patients died within 
days to weeks of their initial pro- 
longed seizure secondary also to the 
predisposing disease process. In those 
who died, ages ranged from 1 month 
to 12 years, with an av2rage age of 3.7 
years. Of these, three (23%) were less 
than 1 year old; seven (54% ) were less 
than 3 years old and six (46%) were 
older than 3 years. In 11 (85%) of 
lethal episodes, an acute cause was 
determined, including six cases of 
meningitis, four cases of severe hy- 
poxia, and one episode of fulminant 
hepatitis. The zwo remzéining cases 
that resulted in death included a child 
with an idiopathic seizure with fever 
and a child with an idiopathic pro- 


13 (5) 
5 (2) 
2 (1) 

11 (5) 

17 (7) 
5 (2) 
1 (1) 
9 (4) 
o (0) 

63 (27) 


23 (11) 
2 (1) 
o (0) 
5 (2) 

21 (10) 
7 (3) 
2 (1) 
6 (3) 

21 (10) 

87 (41) 


23 (12) 
2 (1) 
o (0) 
3 (2) 

21 (11) 
7 (4) 
2 (1) 
6 (3) 

20 (10) 

84 (44) 

Chronic encernalopathy 
Anoxi= or beth injury 
Progressive-encephalopathy 
WNonprogressive or cdscure origin 
Brain malfoenation 
Sturg=-Weter syndrome 
‘Ceretral pæsy 
‘Other 
‘Total 


idiopath c 
With ever 


Without fever 
‘Total 


11 (5) 
10 (4) 
20 (8) 
4 (2) 
2 (1) 
3 (1) 
o (0) 
50 (21) 


3 (1) 
2 (1) 
8 (4) 
12 (5) 
1 (1) 
2 (1) 
4 (2) 
32 (15) 


2 (1) 
2 (1) 
5 (3) 
7 (3) 
1 (1) 
2 (1) 
1 (1) 
20 (11) 


64 (29) 
35 (16) 
99 (45) 


62 (32) 
27 (14) 
89 (46) 


67 (28) 
59 (25) 
126 (53) 


i” lS a 





Table 2.—Causes of Status Epilepticus in Children and Infants 


Aicardi and Chevrie,° 1970 
(N = 239) 


Acute 
Infect ons 


Toxicwmetasolic 
Head trauma 
Neopiesm 
‘Ceretrovassular disease 
Other 
‘Total 
Chronic enceghalopathy 
Idiopath c 
With tever 
Without fever 


tus epilepticas. In 71% of episodes 
studied, status epilepticus was their 
initial seizure. The average age was 
3.2 years, wth am age range of 1 
month tə 14 years. There were 133 
episodes (61%) in boys and 85 (39%) 
in girls. Tweaty-eight percent of epi- 
sodes oceurred in patients who were 
less thar 1 year of age, 61% less than 
3 years, and “3% less than 5 years of 
age. Of ehilden who presented with 
status enilepticus as their first sel- 
zure, 31% were less than 1 year old, 
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Present Study 
(N = 218) 





68% less than 3 years, and 77% less 
than 5 years. Simple febrile seizures 
preceded status epilepticus in only 6% 
of patients. A family history of sei- 
zures in parents and/or siblings was 
found in 8% of all children. 

Causes of status epilepticus were 
initially characterized according to 
Aicardi and Chevrie’s original classi- 
fication for comparison’ (Table 1) and 
simplified for ease of interpretation 
(Table 2). Causes of status epilepti- 
cus were reclassified and compared in 


gressive encephalopathy. 
COMMENT 


In this study we found that the 
etiology of status epil2pticus in chil- 


dren is age dependert. Of episodes 
occurring in patients under 1 year of 
age, three fourths had an acute cause 
for their prolonged seizure, with one 
third secondary to CNS infection and 
one third due to metabolic derange- 
ments. The majority of CNS infec- 
tions were bacterial in origin, second- 
ary to Haemophilus infiuenzae and 
Streptococcus pneumoniae. Prompt 
spinal fluid analysis and antimicrobi- 
al treatment is mandatory in this age 
group. Hyponatremia, usually second- 
ary to water intoxication, was the 
most common metabo.ic disturbance, 
followed by hypoglycemia and hypo- 
calcemia. Seizures due to metabolic 
imbalance are aften more responsive 
to electrolyte correcticn than to anti- 
epileptic drug administration. Thus, 
rafid serum chemistry screening in a 
young child with tatus epilepticus is 
both diagnostic and therapeutic. 
These findings have deen supported 
by recent stucies of selected age 
groups.'*? 

Of episodes occurring in patients 
less than 3 years old, ore half were 
found to have an acut2 cause for sta- 
tus epilepticus; the largest single cate- 
gory was idiopathic status epilepticus 
associated with fever. One fourth of 
episodes occurring in patients older 
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Acute 
Bacterial meningitis 23 (11) 
Encephalitis i 5 (2) 
Aseptic meningitis 2 (1) 
Acute anoxic injury 7 (3) 
Head trauma 10 (5) 
Hyponatremia / hypernatremia 19 (9) 
Hypocalcemia 2 (1) 
Hypoglycemia 4 (2) 
Toxic ingestion 6 (3) 
Cerebrovascular events 3 (1) 
Neoplasm 2 (1) 
Other 4 (2) 
Total 87 (41) 
Chronic encephalopathy 
Neurocutaneous disorder 5 (2) 
Anoxic or birth injury 5 (2) 
Congenital brain malformation 12 (6) 
Obscure cause 7 (3) 
Progressive encephalopathy 3 (1) 
Total 32 (14) 
Epilepsy 
Therapeutic anticonvulsant levels 
With fever 7 (3) 
Without fever 9 (4) 
Subtherapeutic anticonvulsant levels 
With fever 7 (3) 
Without fever 20 (10) 
Total 43 (20) 
Idiopathic 
With fever 50 (23) 
Without fever 6 (2) 





Total 56 (25) 








than 3 years had an acute cause, with 
the largest category by far being 
known epileptics with breakthrough 
seizures (43% associated with fever) 
or epileptics with subtherapeutic anti- 
convulsant drug levels. The latter 
group is the single most common 
cause of status epilepticus in the adult 
population.'*" 

Thus, status epilepticus in children 
is more common in the younger 
patient and often is the child’s first 
seizure. The frequency of acute 
causes, which are often treatable, 
increases as age decreases. The likely 
explanation for this is the tendency of 
the immature brain.to be more epilep- 
togenic'’ and the increased suscepti- 
bility of the younger patient to disor- 
ders such as bacterial meningitis, 
hypocalcemia, hypoglycemia, and so- 
dium imbalance. In older children, 
chronic seizure disorders prevail and 
acute reversible systemic conditions 
are less common. 

In comparison with Aicardi and 
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Table 3.—Cause of Status Epilepticus by Age 


LLL LL, 


All Episodes 
(N = 218) 











No. (%) 






In Patients 
<1 y old 
(N = 60) 


In Patients 
<3 y old 
(N = 139) 


In Patients 
>3 y old 
(N = 79) 














































18 (30) 21 (15) 2 (2) 
O (0) 2 (1) 3 (4) 
1 (2) 1 (1) 1 (2) 
4 (6) 5 (4) 2 (3) 
2 (3) 4 (3) 6 (8) 

14 (23) 17 (13) 2 (2) 
1 (2) 2 (1) o (0) 
3 (5) 4 (3) 0 (0) 
1 (2) 4 (3) 2 (2) 
1 (2) 2 (1) 1 (1) 
o (0) 1 (1) 1 (1) 
O (0) 2 (1) 2 (3) 

45 (75) 65 (47) 22 (28) 
O (0) 2 (1) 3 (4) 
1 (2) 4 (3) 1 (1) 
O (0) 5 (4) 7 (9) 
1 (2) 3 (2) 4 (5) 
o (0) 2 (1) 1 (1) 
2 (4) 16 (11) 16 (20) 
o (0) 4 (3) 3 (4) 
o (0) 2 (1) 7 (9) 
oO (0) 4 (3) 3 (4) 
O (0) 3 (2) 17 (21) 
O (0) 13 (9) 30 (38) 

12 (20) 41 (30) 9 (11) 
1 (2) 4 (3) 2 (2) 

13 (22) 45 (33) 11 (13) 








Chevrie’s* original review of status 
epilepticus in children, we found an 
increased incidence of acute causes 
with a decreased occurrence of afe- 
brile idiopathic prolonged seizures 
and status epilepticus associated with 
chronic encephalopathies. This could 
be secondary to reeent improvements 
in diagnostic teehnology and better 
control of chronic epilepsy. We found 
the same percentage of patients with 
idiopathic status epilepticus associ- 
ated with fever as did Aicardi and 
Chevrie. In both studies this repre- 
sents the largest single category. 
Aicardi and Chevrie proposed that 
these children with idiopathic febrile 
status epilepticus may well form a 
subset of children with febrile sei- 
zures, with their seizures differing 
only in length.* 

Overall mortality in our study was 
approximately half that reported by 
Aicardi and Chevrie (6% vs 11%). 
This difference was appreciated both 
in early deaths presumably secondary 


to the immediate complications of sta- 
tus epilepticus and in late deaths sec- 
ondary to fulminant underlying dis- 
ease. It is of interest that there were 
no deaths in the category of patients 
with idiopathic prolonged seizures 
without fever and only one death in 
the largest group, idiopathic status 
epilepticus with fever. The major risk 
factor affecting mortality was the 
severity of the underlying disease. 

It is also noteworthy that none of 
our patients who presented with a 
prolonged seizure was found to have a 
previously undiagnesed brain tumor. 
A family history of seizure was found 
in parents or siblings in 8% of 
patients, slightly higher than the inci- 
dence reported in the general popula- 
tion.* Only 6% of patients had a histo- 
ry of simple febrile seizure before 
presenting with stacus. 


We gratefully acknowledge the reviewing 
expertise of David Durand, MD. Marshal! Klaus, 
Barbara Tittle, MD, and Rowena Korobkin, MD. 
We also thank Melissa Phillips and Sherrie Kita- 
mura for their technica. assistance in manu- 
script preparation. 
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WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An 
intensive series of hands-on exercises utilizing 
aporopriace animal bones, skeletal bones, etc.: 


Neurosurgeons—cissection skills for bcne- 
work of the cranium and spine, including atten- 
tior to biopiastics and biometals applicable 

to neurosurgery. 


OR Pe-sonne/—dissection skills to become 
familia with the applications of power instru- 
mertaton; discussion of and participation in 
oroblera solving, care, and proper maintenance 

of power equipment. 












( Phoenix, Arizona - 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
(NEURO/ORP 700) (Separate Hands-On Sessions) 
Aa Interdisciplinary Symposium for Neurosurgeons* and Operating Room Personnel 
(Immediately preceding the Barrow Neurological Institute Symposium.) 


co-sponsored by the 
BARROW NEUROLOGICAL INSTITUTE/ 
ST. JOSEPH’S HOSPITAL AND MEDICAL CENTER 
and *also plastic, ENT, c-aniofacial and 
MIDAS REX® INSTITUTE a 
Course Dissctors: Robert F. Spetzler, M.D.; Volker K. H. Sonntag, M.D.; Susam Mitchelt; Ed.D,; Michael Vail, Ph.D. 
SYMPOSIUM FORMAT | 
CREDITS: C.M.E. Credit Available 


ACCOMMODATIONS: The Registry Resort; 7171 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
















maxillo-acial surgeons 


North Scottsdale Road, Scottsdale, AZ 85253. 
Phone: (602).991-3800. 


Resident $585.00 (with letter from Department 
Head); RN/ORT/Other $250.00. Make check to 
“Phoenix Midas Rex Symposium.” 


Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, TX 76111. Phone: (800) 433-7639. 


Jein he more than 6,800 enrollees who Aave completed Midas Rex Hands-On Wortshops. 


(3,550 Orthopaedic Surgeons; 1,350 Neurosurgeons, 1,950 OR Personnel) 
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cosponsored by the 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An intensive 
semas cf hends-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Orthepaeiic Surgeons—dissection in small bones, large 
bones, spines, joint replacement, revision surgery, methyl- 
methacryate, polyethylene, and biometals, including 
broken stem extraction. 

Neurosurgeons—dissection skills for bonework of the 
cranium end spine, including attention to bioplastics and 
diometals applicable to neurosurgery. 

OR Personne/—dissection skills to become familiar with 
the applications of power instrumentation; discussion of 















Join the more than 6,800 enrollees whc have completed Midas Rex Hands-On Workshops. 


‘Clearwater Beach, Florida » march 19-20-21, 1989, 


Biometals, Bioceramics, and Bioplastics” 


(ORTHO/NEURO/ORP 700) (Separate Hands-On Sessions) 
rthopaedic Surgeons, Neurosurgeons, 


“Moderr Dissection Techniques Of Bone, 
An Interdisciplinary Symposium for O 
and Operating Room Personne 


UNIVERSITY OF SOUTH FLORIDA COLLEGE OF MEDICINE ra | 
DEPARTMENT OF ORTHOPAEDIC SURGERY 1 es 
DIVISION OF NEUROSURGERY 


and 
MIDAS REX® INSTITUTE 


Ceurse Directors: Kenneth Gustke, M.D.; David W. Cahill, M.D.; 
Susan Mitchell, Ed.D.; Stewart V/illason, Ph.D. i 
SYMPOSIUM FORMAT 
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Also, Plastic, ENT, Craniofacial 
and Maxillofacial surgeons. 


and participation in problem solvikg, care, and proper 
maintenance of power equipment. 


CREDITS: C.M.E. Credit Available f 


ACCOMMODATIONS: Sheraton Sand Key Resort, 1160 Gulf 
Boulevard, Clearwater Beach, FL 33515. Phone (813) 595-1611. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Rəsident $585.00 
(with letter from Department Head); RN/ORT/Other $250.00. 
Make check to “Clearwater Midas Rex Symposium.” 


Mail to: Midas Rex Institute, 2929 Race Street Fort Worth, TX 
76111. Phone: (800) 433-7639. 









(3,550 Orthopaedic Surgeons; 1,350 Neurosurgeons; 1,950 OR Personnel) 
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MARCH 6-7-8 

APRIL 10-11-12 © 24-25-26 
MAY 4-5-6 e 15-16-17 
JUNE 8-9-10 © 26-27-28 
JULY 13-14-15 © 24-25-26 





















OR PERSONNEL—dissection skills 
to become familiar with the applica- 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 

tenance of power equipment. 








POSITION AVAILABLE 
GROUP PRACTICE 
















Group Administrator 
624 Quaker Lane, Suite 207-C 
High Point, North Carolina 27262 








FEBRUARY 6-7-8 © 13-14-15 © 27-28-Mar. 1 


OR PERSONNEL SYMPOSIA (ORP 700) 
Symposia for OR Personnel only: 
MARCH 20-21-22 e APRIL 17-18-19 


WORKSHOPS: The workshops are held each day from 

7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 3 

tured exercises, utilizing appropriate animal bones, skeletal 
bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the 
Cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 























NEUROLOGIST wanted to join two 
Neurologists in High Point, North Car- 
olina. Experience life in the North 
Carolina Piedmont Triad, ranked one 
of the most desirable living areas in 
the U.S. MRI, EMG, EEG, EP, CT, 
Ambulatory EEG and Carotid Ultrason- ° 
ography available. Reply with CV to: 








NEW YORK CITY (@ 


115 E. 61st Street (between Park and Lexington) l i 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 


MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS * 





AREA ATTRACTIONS: 


SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 
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Florida—Pediatric Neurologist—The Ne- 
mours Children’s Clinic is recruiting a third 
Pediatric Neurdlogist for a full time sub- 
specialty position. We are seeking an M.D. 
who is Board Certified (or eligible), and 
has a strong research and academic 
background who desires a position which 
allows participation in research in addition 
to providing direct patient care. The 
successful candidate will be offered Uni- 
versity appointment at the Assistant or 
Associate Professor level. Teaching and 
research are strongly encouraged and 
funds are available for establishment and 
maintenance of quality research pro- 
grams. 


Please reply with CV to: 


Andrew K. Hodson, M.D. 
Nemours Children’s Clinic 
P. 0. Box 5720 
Jacksonville, Florida 32247 


“Academic status offered by the University of 
Florida, an Equal Opportunity Employment/ 
Affirmative Action Employer with whom 
Nemours is affiliated.” 

Recruiting Deadline 

March 31, 1989 

Anticipated Starting Date 

July 1, 1989 
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Island, Empire State Building, New York Aquarium, Staten 


Island Zoo, United Nations. 


ART—American Museum of Natural History, Bronx Museum 
of the Arts, Brooklyn Museum, Solomon R. Guggenheim 
Museum, Metropolitan Museum of Art, Museum of Modem 


Art. 


MUSIC, DANCE AND THEATER—Camegie Hall, Lincoln 
Center, Lehman Center for Performing Arts, Metropolitan 
Opera, and a wide variety of Broadway and off Broadway 


plays in the evenings. 


SPORTS—Baseball, football, basketball, hockey, boxing, etc. 


N season. 


- ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
$585 ith letter from Department Head); All Operating 
Room Personnel (RN/ORT/PA/Other) $250.00. Make check to 
“New York City Symposium.” Mail to: Midas Rex Institute, 
2929 Race Street, Fort Werth, Texas 76111. 


Phone: 800-433-7639 or 817-831-2604. 







; “Join the more than 7,000 
enrollees who have completed 
Midas Rex Hands-On Workshops. 
(3,600 Orthopaedic Surgeons; 
1,450 Neurosurgeons; 2,000 OR 

Personnel) 


NEUROLOGIST 


Our practice is seeking 
a subspeciality trained 
board certified or board 
eligible adult neurologist. 
The practice is basically a 
private practice in a univer- 
sity hospital setting. We 
are most interested in an 
individual with EMG/neu- 
romuscular training and 
expertise but other spe- 
cialty areas would be con- 
sidered. Our hospital has a 
full range of diagnostic 
Capabilities including MRI, 
PET and neuroradiology. 


interested applicants 
should forward a curricu- 
lum vitae to: 


William A. Paulsen, M.D. 

1928 Alcoa Highway, 
Suite 126 

Knoxville, TN 37920 















Chronic Isolated Sixth Nerve Palsies 


Steeen L. Galetta, MD, J. Lawton Smith, MD 


æ Twenty-seven cases of chronic iso- 
lated abduction deficit. seen in 25 years 
ef neuro-ophthalmology consultation, 
werawewewed. ‘‘Isdlated’” was defined as 
the lack of any other neurologic or oph- 
thaimolegic findings for at least six 
maths. Cases were further subdivided 
inte the categories of true and pseudo- 
abducens peresis. The origin, diagnosis, 
ane management of long-s:anding abdu- 
cess patsies were determined. Cases of 
poatine glioma, chordoma, chondrosarco- 
ma and meningioma that presented as an 
is@ated abducens paisy and remained 
und agnəsed for at least six months were 
rew2wed. 

warchWeuro!l 1989;46:79-82) 


Yy hea abducens palsy is the cause 

of a patient’s diplopia, eliciting 
associated neurologic defects is of 
paramount importance. After a com- 
plese history and physical examina- 
tiem, many adult cases ~epresent an 
isdsted sixth nerve palsy due to dia- 
bes er hypertension. These usually 
ruz a benign course and largely 
resolve within three months. Howev- 
er when the abduction deficit persists 
or 2rogresses, a diagnostic challenge 
ofen ensues. In this article, we review 
our experience with chronic isolated 
akeucens and pseudo-adducens pal- 
sies. 


PATIENTS AND METHODS 


Po find cases of chronic isolated sixth 
newe palsy, all the cases of ‘solated abduc- 
tiem deticit that were seen by one neuro- 
opsthalmologist (J-L.S.) between 1962 and 
1967 were reviewed. We deiined an abdu- 
eensadeticit ss isolated if results of careful 
nearolozic and ophthelmologic examina- 
tices were otherwise ncrma.. The period of 
siz months was used to define chronic. 
Troe abducens palsies were separated from 
cases of thyroid eye disease, myasthenia 
gravis, and other causes of pseudo-abdu- 
cea= paresis. In addition, we distinguished 
cases with a readily identiiable cause on 
pr==entation, regardless of zhe duration of 
th= palsy. THis included cases secondary to 
trama lumbar puncture, increased intra- 
cranial pressure, and in the setting of 
systemic disease known to involve the cen- 
tral nervousssystem. Since some causes are 
age related, it should be noted that the 
neture of this neuro-ophthalmologic prac- 





‘“ccepted for publication July 24, 1988. 

Grom the Bascom Palmer Eye Institute, 
Department of Ophthalmology, University of 
Meemi Schoolof Medicine. 

eprint requests to Bascom Palmer Eye Insti- 
tux. PO Bo» 016889, Miami, FL 33101 (Dr 
Smith). 
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tice is primarily adult based, although 
pediatric patients are also seen. The causes 
of our chronie isolated abducens and pseu- 
do-abducens palsies are listed in Tables 1 
and 2, respectively. The following four case 
reports illustrate the challenge of chronic 
isolated sixth nerve palsies. 


REPORT OF CASES 


Case 1.—A 27-year-old woman was 
referred for evaluation of diplopia of 14 
months’ duration. In March 1974, while 
driving, she noted the onset of horizontal 
diplopia greater to her left and worse at 
distance. Her double vision inexorably pro- 
gressed from that date. In November 1974, 
a careful neurologic evaluation revealed 
only an isolated abduction deficit in the 
left eye. A complete evaluation with skull 
x-ray films, an electroencephalogram, an 
edrophonium test, a computed tomo- 
graphic (CT) scan of the head, a lumbar 
puncture, a carotid angiogram, and a pneu- 
moencephalogram was unrevealing. 

Examination at the Bascom Palmer Eye 
Institute, Miami, in May 1975, showed 
visual acuities of 20/15 OD and 20/15 — 2 
OS. The eyelids, pupils, visual fields, and 
fundi were normal. Ocular movements 
were full, except for mild limitation of 
abduction of the left eye with esotropia 
worse at distance and on left gaze. Forced 
ductions showed no restriction. A detailed 
neurologic examination revealed only an 
equivocal right plantar response, but a 
senior consultant considered the reflexes 
symmetric with downgoing toes. Her con- 
trast studies were reviewed, and the find- 
ings were considered to be normal. In 
August 1975, a left medial rectus recession 
with resection of the left lateral rectus 
muscle was performed. Initially, she did 
well, but several months later, the horizon- 
tal diplopia returned. In March 1976, 
examination revealed a persistent left lat- 
eral rectus weakness and an increase of her 
esotropia from previous examinations. The 
results of neurologic examination were 
otherwise normal. In December 1976, she 
had a second strabismus operation on her 
left eye, with relief of the diplopia for the 
next three years. 

In January 1979, she first began to note, 
as a second complaint, weakness of the 
right hand. Neurologic examination then 
revealed a limited abduction of the left eye 
and a right plantar extensor response, with 
motor examination findings being other- 
wise normal In January 1980, she noted 
difficulty in swallowing that progressed 
during the next month, and examination 
then revealed dysarthric speech, left 
abduction weakness, right gaze paresis, 
downbeat nystagmus, and ocular dysme- 
tria. Corneal reflexes and facial strength 
were normal, but the palate deviated 
slightly to the right. A mild right hemipar- 
esis and a right plantar extensor response 
were found. A repeated CT scan elsewhere 
showed a low-density nonenhancing mass 


in the left part of the brain stem with 
compression of the lateral cisterns and 
extension into the ventral aspect of the 
fourth ventricle. Vertebral angiography 
showed mild posterior disp!acement of the 
posterior inferior cerebellar artery and 
posterior displacement of the precentral 
vein. These roentgenographic findings 
were consistent with a pontine glioma. The 
patient was treated with radiation therapy 
to the posterior fossa, with remarkable 
regression of many of her signs and symp- 
toms. At presenz, 14 years after the onset 
of her double vision, she nas been doing 
well. 

CASE 2.—A 66-year-old woman enjoyed 
good health until November 1986, when she 
noted the onset of horizontal diplopia, 
worse at distance and en right gaze. Dur- 
ing the next several months, the double 
vision slowly progressed, and her family 
noted that her right eye slowly turned 
inward. In March 1987, an ophthalmologist 
told her she had a “right sixth nerve 
palsy.” The results of neurologic evalua- 
tion, one week later, were otherwise nor- 
mal. Further workup revealed a blood 
pressure of 200/110 mm Hg and a fasting 
blood glucose level of 9.7 mmol/L. She was 
thought to have a vasculopathic sixth 
nerve palsy. 

In May 1987, a routine CT scan with 
contrast was said to be normal, and a 
second neurologic opinion confirmed an 
isolated abduction deficit of the right eye. 
About ten months following the onset of 
diplopia, she began to note tingling on the 
right side of the nose that extended down 
to the right side of the upper lip. There 
were no other neurologic symptoms. 

Neuro-ophthalmologic evaluation at the 
Bascom Palmer Eye Instizute, in Novem- 
ber 1987, showed corrected visual acuities 
of 20/20+1 OD and 20/15 OS. Pupils, 
fundi, and visual fields were normal. There 
was no exophthalmos. Examination of ocu- 
lar movements showed a total lack of 
abduction of the right eye. Forced ductions 
were free, and forced generations revealed 
a profound right lateral reetus paresis. The 
right corneal relex was depressed, but the 
rest of trigeminal function was preserved. 
Results of a detailed neurologic examina- 
tion were otherwise normal. A CT scan, 
with special attention to the cavernous 
sinus, revealed a large lesion that eroded 
&he petrous bone on the right side, extend- 
ing down to involye the clivus, the posteri- 
or cavernous sinus, and the nasopharynx. 
A transsphencidal biopsy revealed a clivus 
chordoma. A subsequent resection-reces- 
sion procedure cn the right eye relieved her 
diplopia in primary gaze. 

CasE 3.—A 20-year-old woman was 
referred to the Bascom Palmer Eye Insti- 
tute in 1969. She had beer well until 1955, 
when at the age of 6 years, she developed 
double vision, and her right eye turned 
inward. During the next nine years, the 
right eye slowly became more esotropic, 
but she had no cther complaints. In 1965, it 
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was noted that the right eye would barely 
cross the midline on attempted abduction. 
One year later, episodes of buckling of her 
left leg and clumsiness of her left hand 
began. In 1967, she developed partial com- 
plex seizures that began with a “warm” 
feeling in the substernal region and pro- 
gressed to a “déjà vu” feeling. By 1968, she 
developed episodic projectile vomiting and 
paresthesias over the right side of her 
face. 

In July 1969, neurologic evaluation 
revealed a right sixth nerve palsy, a large 
pupil on the right that was sluggish to 
light, and hyperactive tendon reflexes on 
the left. Skull x-ray films showed a large, 
calcified mass in the right middle fossa. On 
July 20, 1969, she underwent neurosurgical 
decompression of a bony mass that invaded 
the middle cranial fossa and abutted the 
right temporal lobe. A pathologic study 
revealed a chondrosarcoma. When last 
seen in July 1973, she was living an inde- 
pendent life without any significant 
change in her neurologic examination find- 
ings. 

CASE 4.—A 73-year-old woman was first 
referred to the Bascom Palmer Eye Insti- 
tute in June 1973, for evaluation of diplopia 
of 14 months’ duration. In April 1972, she 
had developed diplopia, worse at distance 
and on left gaze. Evaluation at that time 
revealed an isolated abduction deficit on 
the left, and workup included a normal 
glucose tolerance test and normal thyroid 
function. Prism glasses were prescribed, 
but double vision recurred, and she desired 
another opinion. When seen in June 1973, 
she had normal visual acuity, pupils, fundi, 
and visual fields. There was no eyelid 
retraction or proptosis. She had limited 
abduction of the left eye with an esotropia 
of 20 PD straight ahead, 14 PD to the right, 
and 30 PD to the left at distance. The rest 
of her ophthalmologic and neurologic 
examination results were unremarkable. A 
forced ductions test showed the left eye 
could be turned out fully, but it was a little 
more difficult to turn out than in. A pre- 
sumptive diagnosis of thyroid eye disease 
was made. She underwent recession of her 
left medial rectus muscle in 1973, but her 
double vision continued to progress. In 
1976, a second neuro-ophthalmologic con- 
sultant obtained an orbital ultrasonogram 
that was said to have shown enlarged 
muscles on both sides. He concurred with 
the diagnosis of thyroid eye disease. The 
esotropia continued to progress, and she 
wore an occluder over the left eye for the 
next several years. 

In early 1982, she began to note hum- 
ming in her left ear associated wit 
decreased hearing in that ear. An otolar- 
yngologist obtained a CT scan of the head 
that showed hyperostosis of the sphenoid 
ridge and sella on the left side, with a 
uniformly enhancing mass that extended 
from the left cavernous sinus into the left 
cerebellopontine angle—findings of a cav- 
ernous sinus meningioma. 

In August 1982, examination revealed 
corrected visual acuities of 20/15-1 OD 
and 20/25+ OS. Findings from the pupil- 
lary, funduscopic, and visual field exami- 
nations were normal. There was no propto- 
sis or eyelid retraction. There was a large 
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Table 1.—Chronic Isolated Sixth Nerve Palsies 


No. of 
Patients 


Idiopathic 


Pontine glioma (case 1) 


Chordoma (case 2) 


esotropia with inability of the left eye to 
abduct past the midline. Forced ductions 
showed that the left eye could be moved all 
the way out, with a slightly taut feeling. 
The rest of her neurologic examination was 
only remarkable for decreased hearing to a 
whispered voice on the left. The final 
impression was that the impaired abduc- 
tion of the left eye was secondary to the 
cavernous sinus meningioma. This patient 
has been treated conservatively without 
surgery or radiation therapy. In 1987 (15 
years after her onset of diplopia), follow- 
up examination showed little evidence of 
neurologic progression. 


COMMENT 


Isolated unilateral abducens paresis 
was defined as chronic when the dura- 
tion was at least six months. This 
period of time was chosen because of 
reports of vasculopathic ophthalmo- 
plegia that persisted beyond three 
months.'* In a review of our experi- 
ence, all cases of vasculopathic oph- 
thalmoplegia resolved within three 
months of onset. 

Cases of chronic abducens paresis 
may be divided into primary and sec- 
ondary subgroups. The latter included 
those with a known cause, ie, follow- 
ing lumbar puncture, myelography, 
raised intracranial pressure, arach- 
noiditis, and trauma, or associated 
with a systemic disorder, known to 
involve the central nervous system, 
eg, syphilis, sarcoidosis, and meta- 
static neoplasm. Primary palsies are 
those cases without obvious cause and 
may be further characterized as static 
or progressive. Pediatric and adult 
cases are also distinguished, since 
their underlying origins are often 


Age(s), y 
27, 28, 
56, and 74 





Outcome 

Followed up between 6 
mo and 3 y without new 
signs 

Definite R-sided plantar 
extensor response 4 y 
after enset 

Ipsilateral facial numbness 
developed 19 mo after 


Sex 
2M/2F 


Ipsilateral hearing loss 
developed 10 y after 


Unilateral ischemic optic 
neuropathy ceveloped 8 





Table 2.—Chronic Pseudo-Abducens 
Palsies 


No. of Age(s}, 


Cause Patients y 


Thyroid eye 
disease 

Duane’s 
syndrome 


45-74 1M/9F 


1M/1F 
Strabismus 74 1M 
Spasm of 

near reflex 6 1F 


7 and 23 


Total 47.7" 


* Mean age. 


quite different. 

Robertson et al’ reviewed a large 
series of “isolated” acquired sixth 
nerve paresis in children. Fifteen of 
the 52 patients in their tumor group 
had an abducens palsy as their initial 
neurologic manifestation. Most of 
these children developed other neuro- 
logic signs within several weeks, but 
in three patients, additional symp- 
toms took two to three months to 
appear. Chronic abducens palsies may 
rarely occur in children. Crompton 
and Keith* described a 7-year-old boy 
who had an isolated sixth nerve pare- 
sis for eight years. Eventually, a giant 
intracavernous carotid aneurysm was 
discovered. 

Schrader and Schlezinger' reported 
104 cases of abducens nerve palsies in 
adults. In their review, they mention a 
case of a 25-year-old woman with a 
pontine glioma who had an isolated 
abducens paralysis for “some 
months.” One patient with an isolated 
abducens palsy for almost one year 
was later found to have a chordoma. 
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Fig 1.—_eft, Dn attempted dextroversion, right eye fails to abduct past midline. Right, Using 
cotten-tigped _pplicator, right eye can be passively rotated fully. This represents negative forced 


ducton test. 











Fig =.—Top, Cn attempted levoversion, left eye does not abduct fully. Center, Using cotton- 
tipped applicater, left eye san be passively rotated fully. Bottom, Cotton-tipped applicator easily 
holce left eye n check on attempted levoversion. This is a detective forced generation test, 
derconstrating >aretic left lateral rectus muscle. 


Ia 1975, Sakalas et al’ presented 
four cases cf chrenic isolated sixth 
nerve palsy without cther neurologic 
signs. The cause was a middle fossa 
mem ngioma in three and a cholestea- 
tona in one. They emphasized that a 
chrenic abdacens palsy may be the 
only sign of . petrous apex-cavernous 
sinus tumor. 

Savino et al? described 38 patients 
with chronic isolated sixth nerve pal- 
sy, defined as one that persisted 
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beyond three months. These patients 
had no other neurologic signs. This 
series included many patients with 
diabetes, hypertension, and known 
causes. Other causes included intra- 
cavernous aneurysm, metastasis, na- 
sopharyngeal carcinoma, pituitary 
adenoma, sarcoidosis, giant cell arter- 
itis, multiple sclerosis, and syphilis. 
They concluded that despite the per- 
sistence of an isolated sixth nerve 
palsy beyond three months, serious 


intracranial Ccisease was not likely, 
pointing out that of all 38 patients, 
only the two with nasopharyngeal 
carcinoma ard pituitary adenoma 
required a diagnosis for therapy. 

In 1983, Currie et alf reported five 
cases of chronic abducens paresis. 
There were three meningiomas, a 
chondrosarcoma, and a trigeminal 
neuroma. The meningiomas were 
located in the petrogasserian, parasel- 
lar, and petrous apex regions, respec- 
tively. They emphasized that despite 
the length of time without other neu- 
rologic findings, each patient was ulti- 
mately found to have a neoplasm. 

Our first case raises some interest- 
ing points. In the setting of a pre- 
sumed pontine glioma, the patient’s 
presentation of an isolated sixth nerve 
palsy was extremely long and empha- 
sizes the need for careful follow-up 
from both a clinical and neuroradio- 
logic point of view. An abducens palsy 
that remains isolated for months to 
years should not dissuade the elini- 
cian from considering the possibility 
of an intramedullary neoplasm. Mag- 
netic resonance scanning, with its 
superior ability to image the posterior 
fossa, would new be the test of choice 
in such a case. This patient has expe- 
rienced a long-term remission with 
radiotherapy, reflecting the variabili- 
ty of biologic aggressiveness of pon- 
tine gliomas and their response to 
therapy.’ In this regard, Edwards et 
al? have recently reported a prolonged 
survival with hyperfractionated radi- 
ation for brain-stem gliomas. 

Our patient with a chordoma also 
raises some important points (case 2). 
Despite the presence of both diabetes 
and hypertension in this patient, her 
abducens palsy ran an atypically long 
and progressive course. In our experi- 
ence, when a “diabetic” sixth nerve 
palsy persists beyond three months 
without substantial resolution, an 
alternative cause must. be considered. 
As seen in the initial evaluation of 
this patient, many neuro-ophthalmo- 
logic problems are missed by routine 
scans of the brain. Cases of suspected 
meningioma, chordoma, and chondro- 
sarcoma that require attention to 
bony details are often best excluded 
by a CT scan with bone windows. The 
CT scan has clear advantages over 
magnetic resonance imaging when 
skull base bony erosion, destruction of 
foramina, or hyperostosis are present. 
These advantages must be weighed 
against the superior resolution of 
magnetic resonance imaging of intra- 
parenchymal lesions. Multiplanar im- 
aging with thir sections to a specific 
area should be requested, particularly 
when additional localizing signs are 
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At presentation 
General physical examination 


Blood pressure 

Auscultation for bruits over eyes and mastoids 
Cocaine test 

Schirmer's test 

Forced ductions 

Forced generations 

Complete blood cell count 

Sedimentation rate 


RPR, FTA-ABS, and thyroid function studies 
Subsequent evaluation 


Special studies 
Nasopharynx biopsy 
MRI, especially for posterior fossa lesions 
LP for cases of suspected chronic meningitis 
Bone scan for skull base lesions 






Table 3.— Suggested Diagnostic Workup * 


Complete ophthalmologic and neurologic examinations 


Fasting and 2-h postprandial blood glucose determination 


CT scan with and without contrast with emphasis to skull base and cavernous sinus 
Orbital ultrasound to detect muscle enlargement 
























* RPR indicates rapid plasma reagin test; CT, computed tomographic; MRI, magnetic resonance imaging; 


and LP, lumbar puncture. 


found on examination. 

Our fourth patient also emphasizes 
the need for careful follow-up when 
confronted with an atypical and pro- 
gressive abduction deficit. In the set- 
ting of presumed thyroid eye disease 
and progressive lateral rectus muscle 
weakness, forced duction testing 
remained unimpressive. When hear- 
ing loss appeared ten years later, a 
large cavernous sinus meningioma 
with extension into the cerebellopon- 
tine angle was discovered. This 
patient’s benign clinical course cer- 
tainly speaks for conservatism in 


- treating some of the lesions associ- 


ated with chronic sixth nerve palsies. 
The long interval between new clinical 
signs, seen in this case and others, 
highlights the need for extended fol- 
low-up of patients placed in the unde- 
termined group. It should be noted 
that the four patients in our undeter- 
mined category did not have the vas- 
culopathic risk factors of diabetes or 
hypertension.. 

While most eases of intracavernous 
aneurysm and meningioma with an 
isolated abducens palsy can be fol- 
lowed without intervention, it has 
become evident that as microsurgical 
techniques and radiotherapy improve, 
cases of chordoma’"® and chondrosar- 
coma? may be best treated witle 
these modalities, either separately or 
in combination. In addition, our third 
patient with a chondrosarcoma and 
progressive esotropia that began at 
the age of 6 years also shows that 
these tumors may become quite large 
with just a single neurologic finding. 

Potential causes of chronic pseudo- 
abducens palsy include thyroid eye 
disease, spasm of the near reflex, 
long-standing strabismus, Duane’s 
congenital retraction syndrome, my- 
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asthenia gravis, and medial wall frac- 
ture of the orbit with entrapment. In 
this 25-year review, the most common 
cause of a chronic abduction deficit 
was thyroid eye disease, emphasizing 
the importance of the forced genera- 
tion and duction tests on initial evalu- 
ation. Several of these patients had 
been referred to us with the diagnosis 
of chronic sixth nerve palsy. Our tech- 
nique for the forced duction and gen- 
eration tests using a cotton-tipped 
applicator is demonstrated in Figs 1 
and 2. 

We encountered only three cases of 
myasthenia gravis that presented 
with an isolated abduction deficit. The 
longest that this deficit remained in 
isolation was four months before 
intermittent ptosis developed. Since 
myasthenia gravis rarely presents 
with just an abduction deficit, we 
believe that concomitant thyroid eye 
disease should be excluded in such 
cases. 

In our institution, orbital ultra- 
sound is the best way to detect 
enlargement of the extraocular mus- 
cles, seen in thyroid eye disease and 
other disorders. In patients with clini- 
cal evidence of thyroid eye disease, 
there may be a delay in ultrasound or 
CT evidence of extraocular muscle 
enlargement, so that initially negative 
studies may require repetition. Con- 
versely, patients with positive studies 
may have a paucity of clinical find- 
ings. 

A suggested workup of patients 
with abducens palsies is summarized 
in Table 3. We agree with Currie et al® 
that a chronic isolated sixth nerve 
paresis of unknown origin deserves 
aggressive, although noninvasive, 
neuroradiologic investigation. Our 
experience also shows that these 


patients often harbor tumors. In those 
individuals with an acute isolated 
abducens paresis, it seems reasonable 
to wait three months from the onset 
of diplopia before initiating an exten- 
sive evaluation. Fresnel prisms are 
often helpful in relieving the patient’s 
symptoms during this period of obser- 
vation. If serial measurements of the 
esodeviation at three months show 
continued improvement, particularly 
in a vasculopathic individual, one 
might elect to observe the patient for 
an additional four to six weeks. Recov- 
ery that is still incomplete following 
this period of observation would cer- 
tainly prompt investigation. In con- 
trast, patients who develop progres- 
sion of their palsy or other neurologic 
signs should be scanned immediately. 
Forced duction testing is particularly 
important to exclude progression on 
the basis of medial rectus muscle con- 
tracture. When  neurodiagnostic 
studies are unrevealing, a careful 
examination of the nasopharynx 
should be performed by an otolaryn- 
gologist with strong consideration of 
a nasopharynx biopsy, even if the 
examination results were grossly nor- 
mal. We believe angiogrephy can be 
usually avoided in these cases, partic- 
ularly with the availability of mag- 
netic resonance imaging. 
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The STEAMBOAT NEUROSURGICAL SYMPOSIUM 
and MIDAS REX® INSTITUTE present 
SIMULTANEOUS NEUROSURGICAL SESSIONS 


cosponsored by 
Mayfield Neurological Institute and Department of Neurosurgery, University of Cincinnati Medical Center, 
Good Samaritan Hospital, The Christ Hospital 


STEAMBOAT 
NEUROSURGICAL SYMPOSIUM 
NEUROSURGICAL UPDATE: 
ADVANCES FOR A NEW DECADE 
6:30-9:00 a.m. and 4:00-6:00 p.m. daily. 
FEBRUARY 11-18, 1989 
COURSE DIRECTORS 
Jokn M. Tew, Jr., M.D.» William D. Tobler, M.D. 
Themas S. Berger, M.D. © Bert H. McBride, M.D. 
FACULTY 
Thomas S. Berger, M.D. © Jeffrey Brown, M.D. 
Arthur L. Day, M.D. ¢ Theodore Kurze, M.D. 
Bert H. McBride, M.D. ¢ Stephen J. Pomeranz, M.D. 
Adelph Rosenauer, M.D. ¢ John M. Tew, Jr., M.D. 
William D. Tobler, M.D. ¢ Thomas Tomsick, M.D. 
TUITION FEE 
$850.00 — payable with pre-registration. A $50 cancella- 
tən fee will be charged for withdrawals after January 30, 
1589. All foreign payments must be made by a drafton a 
LS. bank. Tuition includes opening cocktail party, con- 
tirental breakfast daily and banquet for registrants. 
CREDIT 
Tis course is approved for 20 hours credit in Category I, 
toward the CME award in neurosurgery. 


C>ecks payable: Steamboat Neurosurgical Symposium. 
Mail to: Steamboat Neurosurgical Symposium, 506 Oak 
Street, Cincinnati, Ohio 45219. 

For further information, write or phone: Sheila Stuckey, 
Pogram Coordinator, Mayfield Neurological Institute, 
585 Oak Street, Cincinnati, Ohio 45219. Phone: 
513-221-1100 ext. 251. 








SEPARATE ENROLLMENTS: A 


Sixeraton Steamboat Resort 
2500 Village Inn Court 
Sseamboat Springs, CO 80477 
303-879-2220 © 800-325-3535 


*SIMULTANEOUS MIDAS REX HANDS-ON WORKSHOP: At the request of the Steamboat Neurosurgical 
Sompesium, a Midas Rex Hands-On Workshop has been scheduled which overlaps some of the Symposium. Enrollees 
ir the Midas Rex Hands-On Workshop should meet the schedule of that workshop; they may attend the 
Neurosurgical Symposium at those times when there is no conflict with the Midas Rex Workshop schedule. 
JOINT FEE: For those who enroll in the Midas Rex Hands-On Workshop, there is no additional fee for participation 
S . w4 


separate enrollment must be sent to each course. Enclose the Midas Rex course 
fæ with that enrollment; indicate on the Steamboat Neurosurgical Symposium enrollment that you are enrolling in the 








MIDAS REX HANDS-ON WORKSHOP* 
7:00 a.m. to 1:00 p.m. each day. 
FEBRUARY 13-1415, 1989 
Monday, Tuesday, Wednesday 
“Modern Dissection Techniques of Bone, Biometals, 
Bioceramics, and Bioplastics’’ — (NEURO 700) 
COURSE DIRECTORS 
John M. Tew, Jr., M.D. ¢ Thomas S. Berger, M.D. 
William D. Tobler, M.D. ¢ Susan Mi Ed.D. 
Glen Mitchell, Ph.D. 


GUEST FACULTY 
John M. Tew, Jr., M.D. > William D. Tobler, M.D. 
Thomas S. Berger, M.D. 


CONFERENCE OBJECTIVES 

The hands-on conference is offered tc familiarize sur- 
geons with state-of-the-art pneumatic instrumentation so 
that bone working problems will be refined, ited 
and facilitated. 

























FEE 
Surgeon—US $965.00; Resident—US $585.00 (with let- 
ter from d nt head); All Operatimg Room Person- 
nel (RN/PA/ORT/Other)—US $250.00. Enroll by check 
and letter. All enrollments and fee payments are made 
through the Midas Rex offic2 in Fort Worth. 


Continental breakfast each morning. Dinner discussion 
for faculty, enrollees and guests, Feb. 14, 1989. 


CREDITS 
CME credit; Category II, 18 hours. 


For additional information, call or write: Midas Rex 
Institute, 2929 Race Street, Fort Worczh, Texas 76111. 
Phone: 800-433-7639. 


in the Steamboat Neurosurgical 


e Midas Rex Hands-On Workshop. 














Washington, DG’; 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 





March 30-31 - April 1, 1989 





(NEURO/ORTHO/ORP 700) (Separate Hands-On Workshops) 





WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An 
intensive series of hands-on exercises utilizing 
appropriate animal bones, skeletal bones, etc- 


Orthopaedic Surgeons—dissection in small 


bones, large bones, spines, joint replacement, 
revision surgery, methylmethacrylate, polyeth- 
ylene, and biometals, including broken stem 


Neurosurgeons—dissection skills for bone- 
work of the cranium and spine, including atten- 
tion to bioplastics and biometals applicable 

to neurosurgery. 


sponsored by 


MIDAS REX® INSTITUTE 
Course Directors: Robert Murray, Ph.D.; Susan Mitchell, Ed.D. 


SYMPOSIUM FORMAT 





extraction. 


OR Personne/l—dissection skills to become 


familiar with the applications of power instru- 
mentation; discussion of and participation in 








ACC D 
2015 Massachu 


An Interdisciplinary Symposium for Neurosurgeons, Orthopaedic Surgeons, 
and Operating Room Personnel 


problem solving, care, and proper maintenance 


of power equipment. 


CREDITS: C.M.E. Credit Available 


IONS: The Embassy Row Hotel, 
setts Avenue, NW, Washington, 
DC 20036. Phone: (202) 265-1600 or (800) 424-2400. 


ENROLLMENT: Fee (US$): “Surgeon $965.00: 
Resident $585.00 (with letter from Department 
Head); RN/ORT/Other $250.00. Make check to 

“Washington Midas Rex Symposium.” 


Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, TX 76111. Phone: (800) 433-7639. 


oin the more than 6,800 enrollees who have completea 





idas Rex Hands-On Workshops. 


(3,550 Orthopaedic Surgeons; 1,350 Neurosurgeons; 1,950 OR Personnel) 


THE NATIONAL NEUROFIBROMATOSIS 
FOUNDATION 


announces the availability of 
YOUNG INVESTIGATOR AWARDS 


which will provide salary support not to 
exceed $35,000 annually for periods up to 
two years 


and 


RESEARCH GRANTS 


which will provide up to $50,000 for up to 
two years for research on the cause and 
treatment of neurofibromatosis 


The deadline for filing applications for 
awards to be activated during the 1989- 
1990 academic year is April 1, 1989 


For information or applications please 
contact: 





The National Neurofibromatosis 
Foundation 
141 Fifth Avenue, Suite 7-S 
New York, NY 10010 
(212) 460-8980 
1-800-323-7938 outside New York State 
Fax# (212) 529-6094 











The Minneapolis Veterans Administration Medi- 
cal Center (VAMC) and the University of 
Minnesota Medical School seek a neurologist at 
the Associate Professor or Professor level to 
assume the position of Chief of Neurology at 
the VAMC. The Neurology Service at the 
Minneapolis VAMC is a major affiliate of the 
University of Minnesota Neurology Department 
and is fully integrated into all departmental 
activities, including the training of Neurology 
residents. The Minneapolis VAMC is an impor- 
tant component of an expanding Department 
of Neurology rededicated to excellence in 
investigative and clinical neuroscience at the 
University of Minnesota. The applicant should 
have a proven record of accomplishment in 
academic neurology and possess the experi- 
ence and ability to lead a major clinical unit, 
which includes 10 full-time neurologists, and to 
direct a vigorous program in basic or clinical 
research. This recerd should be documented 
by peer-reviewed publication and grant sup- 
port. Additional staff openings, startup sup- 
port, currently active programs and a rich 
milieu at the VAMC and University together 
provide an attractive opportunity for academic 
achievement. Applicants should respond with 
curriculum vitae to: 


Dr. Richard W. Price 
Department of Neurology, 
U of M Medical School 
420 S.E. Delaware St. 
Minneapolis, MN 55455 


















NEUROBEHAVIOR 
FELLOWSHIP 






Emory University School of Medicine invit- 
es applications for a one or two year 
fellowship in behavioral neurology, begin- 
ning on or after July 1, 1989. The 
fellowship will offer exposure to the neu- 
rology and neuropsychology of dementia, 
stroke, head injury, temporal lobe epilep- 
sy and atypical psychiatric diserders. The 
fellow will be encouraged to participate in 
one of the research activities of the Unit, 
which currently include clinical drug trials 
for Alzheimer's disease, cognitive evoked 
potentials in aging and stroke and the 
behavioral problems associated with tem- 
poral lobe epilepsy. Please send letter of 
inquiry and CV to: 







Robert C. Green, M.D. 
Department of Neurology, 

Emory University School of Medicine 
401 Woodruff Memorial Building 
Atlanta, Georgia 30322 

tel. (404) 728-6682 

An Equal Opportunity Employer. 





History of Neurology 


Eabinski’s Sign in Medieval, Renaissance, 


end Baroque Art 


E Wayne Massey, MD, Lynda Sanders, MA 


® In 1895, Joseph Francois Babinski 
fist descrbed his well-known sign of 
dersifiexior of the big toe on stimulating 
the sole of *he foot. However, unknown to 
Babinski, several painters had previously 
demonstrated this phenomenon in their 
pemtings. Sandro Botticelli (1445-1510), 
a =lorentine Renaissance painter, demon- 
stated thie reflex in his Madonna and 
Caild With Angels 400 years before the 
peolication of Babinski’s discovery. Botti- 
celli used Iwe infants as models for his 
pemtings. Gentile da Fabriano (d 1427) in 
hi Adoratian of the Kings, demonstrates 
a Similar response of toe extension in the 
infant Jesus when one of the Magi kisses 
the baby’s “oot. Similarly, Jacob Schick 
ven Kempter, a 16th century German 
pemter, in nis Coronation of the Virgin 
demonstrates the extensor plantar re- 
sponse in he infant. Correggio (1492- 
1534), in aorthern Italy captured the 
exension end flare of the baby’s toes in 
hig Madonna and Child With Mary Magda- 
lex Rapha (1483-1520) presented the 
emtensor plantar responses in the child 
wen sole >ressure is applied in Small 
Cawper Maeonna. Leonardo da Vinci, with 
hi nude model drawings (1503-1507) 
seemed to have been aware of this 
response. There is no indication that any 
of “hese artsts fully understood the phys- 
iowegy behir— the response; therefore, the 
value of thS sign in neurologic disease 
mast still rely on Babinski’s demonstra- 
tiem several®hundred years after its initial 
demonstratDn in artistic literature. 

“Arch Newrol 1989;46:85-88) 


Sccepted fc publication May 24, 1988. 

“rom the Devision of Neurology, Duke Univer- 
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[2 his initial articles, Joseph Babin- 

ski (1897, 1898)'* described the 
upgoing toe phenomenon in newborn 
infants and used this as an argument 
for its association with disturbances 
of the pyramidal tract, as this fiber 
system is not yet fully developed at 
birth. In later publications, however, 
the hallux responses in neonates were 
reported to be downgoing or mixed, 
and this led to a new series of exami- 
nations, the results of which were also 
conflicting or inconclusive. Many 
authors commented on the difficulty 
in interpreting the plantar reflex in 
young children, caused by continual, 
spontaneous, “pseudoathetoid” move- 
ments. As most studies dealt with 
movements of toes in isolation and did 
not examine movements in other limb 
muscles, it is not surprising that the 
distinction between reflex responses 
and spontaneous toe wriggling was 
difficult. Arbitrary restrictions, such 
as counting only the very first move- 
ment, did not solve the problem.’ Lack 
of attention to the synergistic back- 
ground of upward reflex movements 
of the toes was another factor that 
contributed to the confusion about the 
infantile plantar reflex. 

Movements of the toes during reflex 
flexion of the hip and knee were ini- 
tially overlooked or mentioned only in 
passing. Oppenheim (1899)* noted 
plantar flexion of the toes in a few 
normal subjects. On the other hand, 
Wernicke (1881)° mentioned dorsiflex- 
ion of the toes as being the normal 
response, and this mistaken belief was 
widely shared, at least in Germany. 
There were many surprised reactions 
to Babinski’s discovery, such as those 
of Oppenheim (1899),* von Striimpell 
(1899), Cohn (1899) Kalischer 
(1899), Remak (1899)? and Specht 
(1902).'° Thus, it is understandable 
that observations about reflex dorsi- 


flexion of the great toe in patients 
(von Striimpell in 1880," and Remak 
in 1893") were casual and passed ~ 
unnoticed. Babinski? presented his AA 
findings before the Biological Society 
of Paris on Feb 22, 1396, with his short — 
description of the phenomenene des 
orteils. 4 

The relationship between art and 
medicine was probably never stronger 
than in 14th- and 15th-century Italy. 
Italian city-states cf the late Middle 
Ages and Renaissance were domi- — 
nated by guilds, or arti—ie, indepen- — 
dent associations of bankers, artisans, ~ 
and manufacturers. 

In 1314, painters were admitted to — 
the physicians’ and pharmacists’ guild 
because, it is generally believed, that 
they ground their own colors, just as 
pharmacists ground their own 
materials for medicines. Coincidental- 
ly, painters and physicians enjoyed 
the protection of zhe same patron 
saint—St Luke—who was reputedly 
both an artist and physician. 

The cultural center of Renaissance 
Italy for most of the 15th century was 
Florence, a living museum im which 
art was an integral part of everyday 
life. At one time or another, most 
major Italian artists and many artists 
from other parts of Europe came in 
contact with the artstic climate of the 
city. Production of art was centered in 





- ue" el < i 


*the bottega, or workshop, which was 


dominated by a mester painter and 
employed dozens of apprentices. 
When a person, cherch, or organiza- 
tion wanted an object of beauty— 
anything from a fresco to a piece of 
jewelry—it was ordered from a work- 
shop. Thus, througl taxes, offerings, 
and dues, all but the proletarian poor 
were patrons of the arts. 

The movab-_e picture or altarpiece 
was the principal ebject created by 
the workshops. Proliferation of these 
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Figure 1. 


Figure 3. 
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Figure 2. 


Figure 4. 





Babinski’s Sign—Massey & Sanders 


Fee 1.—Madonna seems to elicit Babinski’s 
reflex 3y stroking bottom of infant's foot in 
ginting by Sandro Botticelli (Museo e Gallerie 
Nezionali di Capodimonte, Naples) (from Cone 
aod Khoshbin"*). 


F= 2.—Detail from Adoration of the Magi 
ceintec by Gentile da Fabriano. Babinski’s 
response induced by kissing child’s foot. 


Fs 3.— Madonna and Child painted by Rogier 


van der Weyden. Self-induced Babinski's 
Sen. 

Fa 4.—The Small Cowper Madonna painted 
be Raffaello Sanzo, known as Raphael. 
B=binsxi's sign elicited by Mary’s hand. 
peeces was due in part to a gradual 


cange in the church service that 


moved priests to the front of the altar 
te celebrate mass, leaving space 
behind the altar for large-scale reli- 


gous images. The 13th century saw 
te growth and veneration of the Vir- 
gn Mary, and quite early, there began 
te appear the images of the seated 
Madonna and child that play so large 
asart in Western art. 

Extəlment of the ideal human form 
wes one of the preoccupations of the 
Renaissance. In fact, several 15th-cen- 
te-y artists published treatises on 
hew te depict proportion and volume 
ir the human bedy. Arzists had free 
aecess to a wealth of contemporary 
seulptare that decked public build- 
imes, churches, and homes in Italian 
ecmies, and students sketched the 
o> wing store of antiquities that were 
se-facing after centuries of neglect. In 
Fiorence, the Medicis set up a school 
fe- sculpters to study that family’s 
accummilation of sarcophagi, tomb 
pertraits, statues, and busts glorify- 
ime the human body. 

At the same time, artists had begun 
tc draw from life. It became common 
practiee for a master painter to make 
preliminary drawings by using mod- 
eÈ of all shapes and sizes, including 
cE ldren and infants. Understandably 
then, the Renaissance artist in his 
zeal to humanize sacred subjects 
observed Babinski’s reflex in his secu- 
læ models—though this neurological 
sizn had yet to be given a name. The 
ezmamples, which are illustrated fur- 
ther, are some of the more interesting 
veriations that we found in 15th-, 
1@th-, and 17th-century paintings.'*”° 

BOTTICELLI 

In the American Journal of Dis- 
ecses of Children (February 1978), 
Cene and Khoshbin" pointed out that 
Sendre Botticelli (1445-1510) demon- 
strated Babinskis reflex almost 400 
years before the French neurologist 
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Allegri, better known as Correggio. 
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Fig 5.—Detail from Madonna and Child With St Jerome and Mary Magdaen painted by Antonio 
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Fig 6.— The Mystical Marriage of St Catherine pajnted by Peter Paul Rubens. Christ child's own 


foot induces Babinski’s response. 


was born. In the painting, which 
belongs to the Museo e Gallerie 
Nazionali di Capodimonte, Naples, the 
Madonna appears to elicit the reflex 
by stroking the bottom of the infant’s 
foot with her thumb (Fig 1). 
Botticelli’s paintings are universal- 
ly appreciated for their lyrical loveli- 
ness. At a time when other painters 
were concerned with depicting volume 


and realistic proportions in the 
human figure, Bott celli often exag- 
gerated poses and proportions, play- 
ing down his considerable knowledge 
of draftsmanship ir the interests of 
line. 


GENTI_E DA =ABRIANO 


The Adoration of the Magi by Genti- 
le da Fabriano (circa 1870-1427) was 
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finished in 1428 (Uffizi Gallery, Flor- 
ence). Some 40 years before Botticelli 
painted his Madonna, Gentile da 
Fabriano’s Christ child shows Babin- 
ski’s reflex when tickled on the bot- 
tom of the foot by the kneeling Magi’s 
nose and beard (Fig 2). 

The altarpiece, commissioned by 
Palla Strozzi for the Church of Santa 
Trinita in Florence, was much more 
complex and realistic than anything 
that had come before it. It was an 
attempt to re-create, in painting, the 
whole fabric of the visible world. Gen- 
tile da Fabriano had obviously studied 
Florentine sculpture and perspective, 
which can be seen, for instance, in the 
large, well-modeled figures; yet, he 
retained the basic archaism of medi- 
eval style in the double scale for fig- 
ures and settings. 


ROGIER VAN DER WEYDEN 


Madonna and Child (replica) was 
painted by Rogier van der Weyden 
(1399?-1464). (The Museum of Fine 
Arts, Houston, Edith A. and Percy S. 
Straus Collection.) The infant in this 


painting of the 1450s seems to stimu- 


late his own Babinski’s reflex (Fig 


Rogier van der Weyden, one of the 


= major artists of the early Renaissance 


~~ in northern Europe, was well known 





7 J y tL 
(Lo aie oe 


in his native Holland and abroad. He 
made a pilgrimage to Italy in 1450, 
where he saw and admired Gentile da 
Fabriano’s work and carried out sev- 
eral commissions for the Medici fami- 
ly. The Madonna and Child, although 


_ only one of many half-length Madon- 


nas to come from his workshop, shows 
van der Weyden’s flat, yet dynamic, 
linear style and the loving attention to 
detail—for example, the decorative 


edge of the Virgin’s mantle—that 


characterized most northern Europe- 
an paintings. 


1. Babinski J, in discussion, Congres Internati- 
nal de Neurologie Bruxelles. Bull Med 1897; 
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2. Babinski J: Du phenomene des orteils et de® 
sa valeur sémiologique. Semaine Méd 1898; 
18:321-322. j 

3. Landau WM: Clinical definition of the 
extensor plantar reflex. N Engl J Med 1971; 
285:1149-1150. 
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5. Wernicke C: Lehrbuch der Gehirnkrank- 
heiten. Kassel, West Germany, and Berlin, 
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6. Von Striimpell A: Zur Kenntnis der Haut- 
und Sehnenreflexe bei Nervenkranken. Dtsch Z 
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RAPHAEL 


“The Small Cowper Madonna” was 
painted circa 1505 by Raffaello San- 
zio, known as Raphael, (1483-1520) 
(National Gallery of Art, Washington, 
DC). The Madonna brushes the bot- 
tom of her child’s foot with a forefin- 
ger to stimulate the reflex in this 
excellent example of Raphael’s early 
style (Fig 4). 

Raphael was one of the three great 
masters of the High Renaissance, 
along with Leonardo da Vinci and 
Michelangelo. Although not the inno- 
vator of his two contemporaries, par- 
tially because his life was so short, 
Raphael had an equally superb knowl- 
edge of perspective and human pro- 
portion. His best paintings and fres- 
coes are beautifully integrated and 
harmonized compositions of idealized 
figures and objects. His style is not 
contrived, however. Raphael’s figures 
twist in smooth spirals, creating 
spherical forms of superhuman calm 
that are almost spiritual in charac- 
ter. 


CORREGGIO 


Madonna and Child With St Jerome 
and Mary Magdalen was painted after 
1523 by Antonio Allegri, known as 
Correggio (1494-1534) (Pinocoteca 
Gallery, Parma, Italy). Mary Magda- 
len elicits Babinski’s reflex in this 
painting by stroking the infant’s foot 
with her forefinger (Fig 5). 

Despite his knowledge of the main- 
stream of Renaissance painting, espe- 
cially the works of Leonardo da Vinci 
and Raphael, Correggio developed his 
own highly personal style. Human 
attraction and sacred purpose are 
inextricably blended in Correggio’s 
art. His paintings are notable for 
their tumultuous shapes, flowing 
cloth, glowing flesh, torrential hair, 
soft forms, and melting light and 
shade. Correggio’s emotional composi- 
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tions, as much as his actual shapes 
and surfaces, became an essential 
ingredient of religious art in the 
baroque period, inspiring such mas- 
ters as Giovanni Lorenzo Bernini and 
Peter Paul Rubens. 


RUBENS 


“The Mystical Marriage of St Cath- 
erine” was painted after 1610 by 
Rubens (1577-1640) (Sarah Campbell 
Blaffer Foundation, Houston). The 
infant in this painting, as in van der 
Weyden’s painting of two centuries 
before, seems to stimulate his own 
Babinski’s reflex by touching one foot 
to the bottom of the other (Fig 6). 

Rubens was a major figure of 
northern baroque painting whose art 
was based on an exhaustive study of 
his predecessors’ work. During his 
eight-year sojourn in Italy, he drew 
everything he could—from the an- 
tique to Michelangelo’s statues to the 
work of his Italian contemporaries. It 
might be said that he broke down the 
artistic barriers between northern 
and southern Europe that persisted 
from the Middle Ages throughout the 
Renaissance. 

Back in Flanders, Rubens estab- 
lished a style that wes valued 
throughout Europe. Behind all his 
exuberantly fleshy figures lie years 
of study of the human form. Rubens 
also displayed the meticulous realism 
that was inevitably founc in most 
northern European paintings. In this 
painting, for example, note the detail 
of St Catherine’s cascading hair and 
the glowing fabric of her clothes. 
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permission of The Museum of Fine Arts, Heus- 
ton, Edith A. and Percy S. Straus Collection; Fig 
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6, with the permission of the Sarah Campbell 
Blaffer Foundation, Houston. 
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Observations 


Aphasic Victim as Investigator 


Derothea Wender, PhD 


® The author (aclassics professor) suf- 
fered a cerebrovascular accident, result- 
ine in aphasia. in order to learn whether 
speech therapy helps aphasic patients to 
recover the patient worked on Greek 
vocabulary and grammar and ignored Lat- 
in. (Both languages were equally well- 
knewn before the accident; skills in both 
languages had been totally lost after- 
ward.) This case demonstrates the value 
of retraining an aphasic. After three 
years, testing demonstrated a professori- 
al vel of the Greek language, but Latin 
was essentially stil! missing. 

rch Neuro! 1929;46:91-92) 


"ter a cerebrovascular accident this 
investigator, a classics professor, 

had lost a large number of English 
words, some syntax, and the ability to 
read and write. In addition, ancient 
Greek and Latin. the two languages 
she hac taught for 20 years, were 
totally missing, except for a scant 
knowledge of same letters of the 
alpmabets and a small number of 
names like Zeus and Caesar. Having 
heard from her speech pathologist the 
belf that working hard on relearn- 
ing words would help her immensely, 
and then having heard the opposite 
from several neurologists, the patient 
proeeeded to investigate. Her experi- 
ment was to study ancient Greek 
grammar and vocabulary and to leave 
Latm, as the control, completely 
alore. After three years an examina- 
tiom mace it clear that her knowledge 
of Greek-was very good and her Latin 


Aceepted for publication Jan 25, 1988. 

Frem the Classics Department, Wheaton Col- 
lege, Norton, Mass. 
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still mainly missing; therefore, this 
report seems to prove that working, 
either alone or in combination with 
volunteers or professional therapists, 
does seem to improve at least some 
aphasic victims. 


REPORT OF A CASE 


The patient, a 45-year-old right-handed 
classics professor, suffered an onset of 
darkening vision, with right-sided hemi- 
paresis and aphasia of jargon type. A com- 
puted tomographic scan showed a hemato- 
ma in the left temporal lobe, extending 
from the left temporal tip in the vicinity of 
the left middle cerebral artery back to the 
area of the trigone. It extended deeply to 
the level of the internal capsule (Figure). 
Arteriography showed a large avascular 
mass in the left temporal lobe without 
abnormal vessels or evidence of tumor. 
Steroid therapy left the patient with only 
mild hemiparesis and some speech 
improvement. One week later, the patient 
was fully ambulatery, with minimal weak- 
ness of right grip and homonymous hemia- 
nopia on the right side. A month later, the 
patient showed intelligibility of speech 
(3% ), but with some naming defects, alex- 
ia, and agraphia. The patient received 
approximately 30 hours of formal speech 
therapy, in addition to help from her 
daughters, previous students, and col- 
leagues; mainly, however, she taught her- 
self. 

Two months after the cerebrovascular 
accident, the patient began to relearn 
Greek while ignoring Latin. Her idea came 
from the disagreement between her neu- 
rologist and her speech pathologist: the 
latter begged her to spend as much time as 
possible at home working on relearning to 
speak, read, and write English; the former 
said, “Don’t bother working so hard: just 
wait; either your language will come back 
spontaneously ...or it won’t.” It occurred 
to the patient that she (as the subject) 
could perform an unusual experiment, 
since she could try to relearn Greek (or 
Latin), using Latin (or Greek) as an excel- 


lent control. She would of course, work on 
English at the same tine, but that would 
not be part of the study. (It is perhaps 
interesting that, although the patient 
thought of the experiment in precisely the 
way described above, she did not at the 
time “know” the words “control,” “idea,” 
“language,” “Greek,” ‘ Latin,” “English,” 
or “experiment.” In fact, it was three years 
later when she relearned the words “exper- 
iment” and “control” for the first time 
after her stroke; she needed the words for 
the first draft of this article. She had, 
obviously, originally 
words.) 

Ten months after the accident the 
patient had releerned enough Greek, with 
the help of a textbook aad intensive study, 
to be able to teach elementary Greek again. 
Two years after the accident, with further 
study every day. the patient taught two 
advanced Greek courses. By the end of 
1982, three years after the accident, she 
felt ready for an examiration. 

Although her commend of Greek was 
still not as good as before the cerebrovas- 





Computed tomographic scan of patient show- 
ing hematoma in lef: tempoval lobe, extending 
from left temporal tip in viGinity of left middle 
cerebral artery back to area of trigone. | 
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cular accident, the patient’s efforts 
resulted in a marked discrepancy between 
her ability in Greek and that in Latin. Ina 
vocabulary test administered by a col- 
league she correctly identified 35 out of 41 
Greek words, vs 12 Latin words out of 41. 
In addition, and more strikingly, her trans- 
lation of a passage of Plato was marked by 
the examiner (Eva Stehle, PhD, Classics 
Dept, Wheaton College, Norton, Mass) as 
“almost totally correct,” but that of a 
passage of Cicero “only a few words right. 
She was not able to translate any complete 
sentence.” 

A well-known aphasiologist (N. Gesch- 
wind, MD, personal communication, 1982) 
was contacted in December 1982, and, after 
reading the patient’s first draft of this 
article, commented in a telephone call 
(January 1983) the following: (1) one rea- 
son for her surprising recovery came from 
the fact that her father and one daughter 
were ambidextrous; (2) her idea for the 
experiment was interesting and could be 
repeated, as she suggested, with bilingual 
aphasics (eg, patients in Québec); and (3) it 
was possible (not likely, but still possible) 
that the patient’s recovery in Greek had 
been spontaneous, while her poor Latin 
recovery had not. 

In reply to the third statement the 
patient asked another colleague who 
taught classics (Keith Dickson, PhD, Clas- 
sics Dept, Wheaton College, Norton, Mass) 
to perform a simple experiment, in which 


_ the patient was given ten Greek and ten 


Latin words, all ones she could not remem- 


_ ber. During the next week the patient 


S fudied, the Latin words and not the Greek 


“< 


* 


ones; after the one-week period she was 
administered a quiz. The result of the quiz 
was obvious; she correctly identified all ten 
Latin words, but was still mystified by the 
ten Greek words. Therefore, the patient 
could have relearned Latin rather than 
Greek; her recovery in Greek was even 
more clearly not simply spontaneous. 


COMMENT 


This case supports the concept that 
speech therapy is of value. The value 
of speech therapy has been widely 
investigated. Many clinical neurolo- 
gists believe that some spontaneous 
improvement is often attributed to 
speech therapy, and that was indeed 
the author’s experience, since some 
Latin words (mainly nouns) returned 
to her without effort. It was not, how- 


ever, enough to be considered knowing 
o 


Latin. 

- The two most important medical 
articles concerning aphasic therapy, 
are by Lincoln et al' and Wentz et 
al.? 

Lincoln et al concluded that therapy 
does very little for aphasic patients. 
(Most neurologists, compared with 
speech pathologists, have already 
believed this for a long time; see Har- 
rison’s Principles of Internal Medi- 
cine,’ which asserts that “speech ther- 
apy is of questionable value but 
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should be tried. At least it is of value 
in improving the morale of the 
patient.”) 

The article by Wentz et al strongly 
disagreed with the conclusions of the 
article by Lincoln et al, and is, I 
believe, much more carefully re- 
searched, using many more subjects 
who were helped for a much longer 
period of time. Furthermore, several 
different types of therapists were 
used (including some volunteers who 
worked better with the patients than 
did some professionals). 

One of the problems with the article 
by Lincoln et al was that the patients 
had therapy on_y a few hours a week, 
for half a year, in the first year after 
their strokes. I would like you physi- 
cians to consider an equivalent exper- 
iment. If we were trying to find out 
whether ordinary 6-year-old children 
could learn to read, and the investiga- 
tor spent a couple of hours each week 
with a 6-year-old child for half a year, 
and, furthermore, his test was to ask 
the child to write a page criticizing 
King Lear, do you think we would 
know whether normal children could 
learn to read, ie, should we have 
schools? English is a rich and compli- 
cated language, and many aphasics 
(like myself) will need thousands, not 
hundreds, of hours before improve- 
ment will be clear to normal speakers 
of English. Volunteers, therefore, 
seem to be extremely useful. An 
example of this is the New Haven, 
Conn, Volunteer Stroke Rehabilita- 
tion Program Inc. 

Literature concerning aphasic vol- 
unteers is not common, perhaps, since 
most books on aphasia are written for 
and by speech pathologists. For exam- 
ple, Adult Aphasia,* which is generally 
careful and scholarly, has a last chap- 
ter titled “Family Therapy.” That 
chapter, however, is not really what it 
sounds like; it is mainly a description 
of the psychological problems the 
aphasic’s family is likely to face. On 
the other hand, I would like to men- 
tion that my family (three daughters 
in high school) helped me very much 
to relearn English, as did many col- 
leagues who also volunteered. Of 
course, the most useful “textbook” 
concerning neighbors as therapists, 
even though it is a badly written 
(“Tinseltown” style) biography, is Pat 
and Roald, which was the most 
important document in persuading 
the British government to establish 
the “volunteer scheme” to help apha- 
sics. 

In addition, it is also quite possible 
that the therapists used by Lincoln et 
al were not good teachers. (I fired my 


first speech pathologist because she 
made me miserable; my second thera- 
pist did help, mainly by suggesting 
ways to try relearning words at 
home.) 

Spontaneous improvement seems to 
be agreed on by all articles: however, 
different authors feel that the sponta- 
neity returns after 2, 3, or 6 months, 
or one or two years. I, however, am 
still improving (both in Greek and 
English) nine years after my accident. 
After my first year after the stroke, in 
which I improved the most strikingly, 
perhaps partly by spontaneous recov- 
ery, I still could not read or write, ie, I 
was literally an illiterate professor. 
After three years, I finally was able to 
read a complete adult book, but I feel 
that I relearned the largest amount of 
English vocabulary in my sixth year, 
when I wrote and sold a murder mys- 
tery and finished the scholarly book 
about Plato that I had started before 
my accident. I do not believe that my 
improvement that year was spontane- 
ous; I feel that it came from my time 
for writing: it was my sabbatical year. 
This year (the ninth) has also been 
excellent; nevertheless, I still cannot 
multiply or divide and do not want to 
relearn it, since I bought a calculator 
after my stroke. Many other aphasics 
have written me letters with very 
similar anecdotes, which seems, to 
me, to indicate that at least some 
people may improve from working or 
from long periods of therapy, not sim- 
ply from the early healing of the 
injured brain. | 


The following people have helped me prepare 
this article and are now thanked: Wayne D. 
Miller, CCCSP/A, Bojan Jennings, PhD, Eva 
Stehle, PhD, Keith Dickson, PhD, Stephen W. 
Parker, MD, Norman Geschwind. MD, Emmett 
V. Schmidt, MD, and Kathleen Francis. I partic- 
ularly wish to thank Maurice H. Charlton, MD, 
who has kindly helped me many times during my 
revision of this study and who was especially 
helpful in obtaining a copy of the computed 
tomographic scan from Massachusetts General 
Hospital, Boston. 


References 


1. Lincoln NB, McGuirk E, Mulley GP, et al: 
Effectiveness of speech therapy for aphasic 
stroke patients: A randomised controlled trial. 
Lancet 1984;1:1197-1200. 

2. Wentz RT, Weiss DG, Aten JL, et al: Com- 
parison of clinic, home, and defarred language 
treatment for aphasia: A Veterans Administra- 
tion cooperative study. Arch Neurol 1986;43:653- 
658. 

3. Wintrobe MM, Thorn GW, Brauwald E, et al 
(eds): Harrison’s Principles of Internal Medicine, 
ed 7. New York, McGraw-Hill Internationa! Book 
Co, 1974, p 1764. 

4. Eisenson J: Adult Aphasia. Englewood 
Cliffs, NJ, Prentice-Hall International Inc, 
1984. 

5. Farrell B: Pat and Roald. New York, Ran- 
dom House Inc, 1969. 


Aphasia— Wender 


Acute Failure of Forebrain With Sparing of 
Brair-Stem Function 


Electreencephalographic, Multimodality Evoked Potential, 


and Petholegic Findings 
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» We describe a case of acute failure 
of forebrair with preservation of brain- 
stem functien following cardiopulmonary 
amest. Thi condition is distinguished 
fram persieent vegetative or noncogni- 
tive stetes. Multimodality evoked poten- 
tiæs showed electroretincgrams but no 
cerebral poventials to flash stimulation of 
both eves; normai electrocochleograms 
and brain-sem auditory-evoked poten- 
tiass to click stimulation of both ears; and 
Erf’s point, N13, and P14 but no cortical 
responses t» electrical excitation of both 
median nemwes. Pathologic -alterations 
consisted ef pseudolaminar necrosis 
involvieg the whole cerebral cortex and 
other forebrain regions, with relative 
preservatior of brain stem and spinal 
com. Clos= correspondence existed 
between electrophysiologic, clinical, and 
masor neuroeatholoagic alte-ations. 

Arc Neurol 1989;46:93-97) 


rebraix death with sparing of the 
bram sem connotes a condition 
characterized by preserved vegetative 
functions with concurrent failure of 
for2brain functions as indicated by 
eleetrophys ologic and/or blood-flow 
studies. Du» to high mortality acutely, 
only rarel* have evoked-potential 
studies been performed in these 
cases. We recently had the opportu- 
nity to study by multimodality evoked 
potentials a pathologically proved 
case of ths condition, and in this 
article we present the findings. 
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REPORT OF A CASE 


A 45-year-old woman was hospitalized 
at the University of Washington Hospital, 
Seattle, on Sept 4, 1986, following cardiac 
arrest. Her medical history included two 
uncomplicated myocardial infarctions in 
1973 and 1980, respectively; a single-vessel 
coronary artery bypass graft in 1974; 
chronic, primarily exertional angina pecto- 
ris; diabetes mellitus; and hypertension. 
On the day of admission the patient col- 
lapsed while playing pool, requiring car- 
dioversion by a paramedical team. On 
arrival at a community hospital emergency 
room, the results of examination were nor- 
mal. Following transfer to the University 
of Washington Hospital, the patient 
underwent a second coronary artery 
bypass graft on Sept 5, 1986. Postopera- 
tively, a brief episode of atrioventricular 
block occurred, accompanied by bradycar- 
dia and hypotension, requiring two 
minutes of cardiopulmonary resuscitation. 
Sinus rhythm was reestablished, and sub- 
sequent examination showed a cooperative, 
alert, and oriented patient who was neuro- 
logically normal. A second episode of atrio- 
ventricular block progressed to prolonged 
ventricular tachycardia and electrome- 
chanical dissociation. Open chest massage 
and numereus defibrillations failed to 
reestablish a cardiac rhythm until a ven- 
tricular pacemaker was inserted. However, 
inadequate cardiac output required return 
to the balloon pump. 

Neurologic consultation was obtained on 
Sept 10, 1986, following three days of unre- 
sponsiveness, without evidence of improve- 
ment. Examimation demonstrated a coma- 
tose, artificially ventilated woman with 
intermittent spontaneous respirations. 
Her pupils were 4 mm in diameter and 
reactive to light. Doll’s head-eye move- 
ments were present in all directions of 
gaze. Cornea! and ciliospinal reflexes were 
intact bilaterally. No obvious facial asym- 
metry was noted, and suctioning elicited a 
strong cough. There were no spontaneous 
movements and no withdrawal to painful 
stimuli. Muscle stretch reflexes were 
markedly and diffusely depressed, with 
equivocal plantar responses. Computed 
tomographic findings suggested diffuse 


cerebral edema. Several electrophysiologic 
studies were performed as described below. 
The patient’s condition remained un- 
changed until Sept 16 1986, when cardio- 
pulmonary arrest resulted in death. 


ELECTROPHYSIOLOGIC FINDINGS 


Two electroencep! alograms (EEGs) 
recorded on Sept 9 and 10, 1986, (Fig 
1) demonstrazed “e-ectrocerebral in- 
activity” (ECI)? Multimodality com- 
puter-averaged 
were obtained on Sept 11 and 12.* 


Electroretinograms (ERGs) were - 


detected between infraorbital an 


linked earlobe electrodes’ in the light- 


adapted state :n response to 10-us, 1/s 
white flashes using a bandpass of 0.3 
to 800 Hz (—3 dB). The ERGs dis- 
played the characteristic a and b 
waves (Fig 2). These had latencies of 
24.75 and 41.50 ms and amplitudes of 
1.0 and 1.25 uV, respectively, on stim- 
ulation of the right eye and latencies 
of 20.92 and 34.17 ms and voltages of 
1.25 and 1.81 uY, respectively, on stim- 
ulation of the left ey2. Latency values 
were normal, wherees ‘all amplitudes 
were greatly diminished.’ Simulta- 
neous recordings between the occipi- 
tal regions of the scelp and intercon- 
nected earlobes using the same band- 
pass displayed a slow downgoing wave 
of small amplitude This approxi- 
mated the time course of the infraor- 


*bital ERG, from which it differed by 


smaller voltage and apparently oppo- 
site polarity. Thus, we interpreted 
this response as an ERG detected by 
the linked earlobe reference. None of 
the characteristic components of cere- 
bral flash-evoked potentials® could be 
demonstrated. 

The electrocochleogram (ECochG) 
was recorded between noninvasive 
external auditory meatus electrodes’ 
and the ipsilateral earlobe in response 
to broadband clicks of alternating 


Forebrain Failure—Wytrzes et al 93 


a 


evoked potentials F 







ee ee 












See ee ee ee a ee eee 





ECG 


FAAA EA A LA 
DAO DS A VS V A PA PA DE PA PE 
PARE TECE ARRAN 
malden dad d add 
el 
~~L~L-LALAL-LL-LLL 


La AL LALLA LLL 


pb hal atl Sil PE _, ~~ Oe ee 
| j i j ' 
~~~! Payee P Oe A A A 


Fp 1 ie Bai a ig We aa ok ae Sa Ta a jk Èa hc p 


Oe Mo? ee eae 
Qn ce...) Raa 
on iM we ps Ghose A hh 
, RE E a (a TTTS 
Tee TTT Th 
BE Oe hoe” as OS ee ee 

























| J 









a a or a i EN 






nme aa n 







| 









25 wv 





Fig 1.—Electroencephalogram demonstrating electrocerebra! inactivity. ECG indicates electrocardiogram. 


polarity delivered monaurally. These 
were generated by applying 100-ys 
rectangular pulses to the speakers of 
specially shielded headphones (Life- 
Tech 8049).* Vertex-ipsilateral earlobe 
derivations were used to simulta- 
neously demonstrate brain-stem audi- 
tory-evoked potentials (BAEPs). The 
summating potential and the N1 com- 
ponent of the auditory nerve com- 


pound action potential of the ECochG , 


and waves I through V of BA EPs were 


clearly resolved on stimulation of 


each ear at 120-dB peak equivalent 
sound pressure level (83-dB hearing 
level) and 8/s using a bandpass of 16 
to 3000 Hz (Fig 3, A and C). The 
latencies of waves N1, III, and V were 
1.8, 4.1, and 5.8 ms, respectively, on 
stimulation of the right ear and 2.0, 
4.1, and 5.1 ms, respectively, on excita- 
tion of the left ear. The N1-III, II-V, 
and Ni-V interpeak intervals mea- 
sured 2.3, 1.7, and 4.1 ms, respectively, 
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with right-sided stimulation and 2.1, 
1.9, and 4.0 ms, respectively, with left- 
sided excitation. Stimulation was 
repeated at progressively lower inten- 
sities, descending in steps of 20 dB, 
until no response could be resolved. 
Plotting the latencies of the major 
peaks and their intervals against click 
intensity defined complete intensity 
functions for each measure and ear 
(Fig 3, B and D)’ The Ni latency- 
intensity function to stimulation of 
the right ear and, to a lesser extent, of 
the left ear exceeded the upper limits 
of normal adjusted for age but not 
for high-frequency hearing loss, 
which could not be determined due to 
the patient’s unconscious state. All 
remaining latency- and interval- 
intensity functions were well within 
normal limits to excitation of both 
ears. By contrast, neither middle- 
latency nor leng-latency responses 
could be resolved using 1/s clicks 120- 


dB peak equivalent sound pressure 
level and 2048 trials. 

Short-latency somatosensory- 
evoked potentials (SSEPs) were elici- 
ted by electrical stimulation of both 
median nerves at the wrist using 200- 
us rectangular pulses at 12.9 mA and 
5.4/s and a bandpass cf 10 to 3000 Hz 
(—3 dB). Erb’s point, N13-14, and P14 
potentials were demonstrated (Fig 4). 
The latencies of these responses were 
10.6, 13.8, and 13.9 ms, respectively, 
with right-sided stimulation and 10.1, 
13.7, and 13.9 ms, respectively, with 
left-sided excitation. These values 
were within normal limits. Recording 
between the central region of the 
scalp contralateral to the stimulus 
and a midline frontal reference (Fig 4 
A and B, top channels) demonstrated 
an upgoing potential of small voltage 
with latencies of 14.0 and 13.9 ms to 
excitation of the right and left median 
nerves, respectively. This was inter- 
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Fig 2.—Electroretinograms recorded between infraorbital as well as occipital electrodes and linked-earlobe reference in 
response to flash stimulation of the right (A) and left (B) eyes at 2/s. 101 and IO2 indicate left and right infraorbital; RO, MO, 
ard LO, nght, midline, and left occipital; and A1A2, interconnected earlobes. 


preced as a 214 far-field potential, the 
potarity of which was apparently 
inverted in differential sealp-to-scalp 
recordings cue to higher amplitude at 
Fz chan at C4.' By contrast, neither 
the characteristic N20 scalp compo- 
nen- o° SfEPs nor later cortical 
potentials ceuld be resolved. 


NE®ROFPATHOLOGIC FINDINGS 


Tae whole brain weighed 1410 g and 
showed no abnormalities externally. 
Corsna! sect ons of the cerebral hemi- 
spheres afte- fixation revealed granu- 
larity of the <ortical gray matter, with 
blur-ing of the gray-white junction 
threagheut he cerebral cortex. The 
champes were most marked in the 
fromopariets! and occipital regions. 
Horizontal s-ctions of the brain stem 
showed no gross abnormalities. There 
was 20 signiicant uncal or cerebellar 
tonsillar herziation. 

M-eroseopi= sections of the cerebral 
cortex, deep zerebral nuclei, cerebel- 
lum, and varsous brain-stem and spi- 
nal cord vels were stained with Lux- 
ol ast blus-periodie acid-Schiff- 
hematoxylin, hematoxylin-eosin, and 
Holz=r’s glia stains. These demon- 
strated extensive, diffuse, early necro- 
sis of the cer=bral cortex, which was 
most severe in the hippocampus and 
the eecipital and frontoparietal cor- 
tices. The de=p cerebral nuclei also 
showad necrosis of similar duration, 
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which was maximal in the thalamus. 
This was most marked in the nuclei 
ventralis posterolateralis and poste- 
romedialis, followed by the globus 
pallidus, claustrum, putamen, and 
caudate nucleus. The lateral genicu- 
late nucleus was spared. The cerebral 
white matter was diffusely edema- 
tous. The cerebellum revealed wide- 
spread patchy loss of Purkinje’s cells, 
acute ischemic changes of remaining 
Purkinje’s cells, marked and diffuse 
capillary proliferation, and multifocal 
early necroses in the molecular layer. 
The whole brain stem was essentially 
intact except for scattered, patchy, 
and mild necroses in the inferior colli- 
culi and a minute necrotic lesion in 
the base of the midpons on the right 
side. 

The spinal cord showed patchy neu- 
ronal loss, capillary proliferation, and 
early phagocytic reaction in both ven- 
tral and dorsal horns in the lumbo- 
sacral regions. Similar but milder 
lesions were noted in the thoracic 
cord, and even smaller and milder 
patchy necroses were found in the 
dorsal gray matter of the cervical 
cord. 


COMMENT 


Following cardiorespiratory arrest, 
our patient displayed evidence of 
acute failure of forebrain with rela- 
tive sparing of brain-stem function. 
This condition is characterized by (1) 


clinical evidence of deep coma with 
variable preservation of spontaneous 
es 


= 
b ta P 


respiration and brain-stem reflex 
(2) ECI demonstrated by EEG re 
ing'? in the absence of co 


eration of all corticel evoked poten- 
tials with preservation of some earlier 
response compcnents~’; and (4) patho- 
logic demonstration of widespread 
destruction of cerekral cortex and 
other forebrain regions with relative 
brain-stem preservation. Acute fail- 
ure of forebrain function must be dis- 
tinguished from persistent vegeta- 
tive’ or noncognitive? states. These 
are identified by (1) elinical signs of 
alternating wakefulness and sleep and 
behavior suggesting interaction with 
the environmen: devo-d of any cogni- 
tive content; (2) EEG f ndings ranging 
from persistent ECI'*"* to highly orga- 
nized waking and slee> patterns”; (3) 
elack of cortical evoked potentials in 
the few cases investigated'"*"5; and (4) 
pathologic changes that most com- 
monly predominate in, or are confined 
to, telencephalic struztures.'!7!8 Al- 
though we believe that acute fore- 
brain failure and persistent vegeta- 
tive states are Cistinc= clinical enti- 
ties, we recognize thet in cases of 
prolonged survival the former condi- 
tion may evolve into the latter.!° 

We feel that the term acute failure 
of forebrain furction describes the 
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ditions © 
known to temporarily and reversibly 
depress cortical function*"'; (3) oblit- 
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Fig 3.—ħAveraged electrocochleogram (top trace) and brain-stem auditory-evoked potentials 
(bottom trace) to stimulation of right (A) and left (C) ears with alternating clicks at 120 dB peak 
equivalent sound pressure lével (pe SPL) and 8.3/s. EAM: and EAM2 indicate left and right 
auditory meatuses; Cz, vertex; A1 and A2, left and right earlobes; plots, latency- and 
_ interval-intensity functions for major response components (B and D); shaded areas, 2 SD; 
dashed lines, 95% tolerance limits for 95% of normal population of same age; and heavy solid 


line, intensity functions computed in our case. 





Fig 4.—Short-latency somatosensory-evoked potentials to electrical stimulation of right (A) and 
left (B) median nerves at the wrist. C3’ and C4’ indicate locations 2 cm posterior to left (Cs) and 
right (C4) electrodes of 10-20 system; CsS, Cs spine; Fz, midline frontal; and EP: and EP2, left 
and right Erb’s points. 
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condition detailed in our article more 
accurately than do the appellations 
cortex death,' neocortical death,‘ 
partial brain death, and death of the 
forebrain.'* Some of these terms inac- 
curately reflect the distribution of the 
underlying pathology, which is by no 
means confined to the cerebral cortex 
or, specifically, the neocortex but 
involves the hippocampus, basal gan- 
glia, and diencephalon.'? These alter- 
native terms also fail to distinguish 
between the clinical states resulting 
from acute and from chronie failure of 
forebrain function. 

The demonstration of ECI by EEG 
and the obliteration of cortical 
responses to visual, auditory, and 
somatosensory stimuli were consis- 
tent with the pathologic cemonstra- 
tion of severe, extensive pseudolami- 
nar cortical necrosis in our patient 
and with the observations of previous 
authors,!?'5 

Persistence of an ERG in the 
absence of cortical responses to 
flashes, a common finding following 
cardiopulmonary arrest, was in keep- 
ing with the notion that the cellular 
generators of the ERG are less sensi- 
tive to the effects of anoxia than is the 
cerebral cortex.’ 

Preservation of BAEPs, including 
wave V, suggested integrity of the 
auditory pathways below the inferior 
collicular level.” In keeping with 
this interpretation, the brain-stem 
auditory pathways were intact up the 
lateral lemnisci. Because of controver- 
sy regarding the origins of middle- 
and long-latency auditory-evoked po- 
tentials in man,” it was of interest 
that diffuse pseudolamirar necrosis 
of the entire cortex, including the 
auditory cortices, was associated with 
loss of these responses.!:'» 

Median nerve-elicited SSEPs indi- 
cated viability of the somatosensory 
pathways of both sides up to the gen- 
erator(s) of wave P14, presumably the 
dorsal column afferents terminating 
in the cuneate nucleus? or the medi- 
al lemniscus fibers ending in the thal- 
amic ventralis posterolateralis nucle- 
us.” Except for scattered. patchy, and 
mild necrosis in the dorsal gray mat- 
ter of the cervical cord, the somato- 
sensory pathways from the upper 
extremity of our patient were intact 
up to the thalamic relay nuclei, which 
showed severe though patchy necro- 
sis. 

Our observations indicate that close 
correspondence exists in cases of 
acute failure of forebrain function 
between electrophysiologic, clinical, 
and major neuropathologic altera- 
tions. 
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Subacite Sclerosing Panencephalitis 
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Ruth Jiirgens MD; Wolf-Dieser Heiss, MD 


@ Regonal cerebral glucose metabo- 
lism was studed in a 15-year-old boy with 
subacute sclerosing panencephalitis be- 
fore and afte therapy with human inter- 
feron beta, using positron emission 
tomography of fluorine 13-2-fluoro-2- 
deoxyglucose At first 2xamination, 
metabolism was symmetrical y decreased 
in the thalamus, cerebellum, and all corti- 
cal areas except prerolandie motor cor- 
tex, Sut increased in lentiform nucleus. A 
computec tommgraphic scan was normal. 
Six montis laser, bilateral focal necrosis 
centered in the previously hypermeta- 
bolic putamen was demonstrated by com- 
puted tomography and magnetic reso- 
mance imaginc. The caudate nucleus and 
the superoposerior part of the putamen 
were spared, still showinc increased 
metabolism. Corresponding with some 
Clinical improwement, cortical glucose 
consumpton rates had returned to a nor- 
mal Evel. 

(Arch Neuro 1989745:97-100) 
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Subacute sclerosing panencephalitis 

is presumably caused by persistent 
measles virus with defective M-pro- 
tein harbored in the central nervous 
system after incomplete immune 
reaction.' The pathologic process pro- 
gresses in a rostral-caudal and corti- 
cal-subcortical direction.*? Computed 
tomography (CT) often shows focal 
low-absorptive changes as well as 
generalized atrophy.** We investi- 
gated the changes of local cerebral 
glucose metabolism in relation to clin- 
ical symptoms and the development of 
irreversible tissue damage in the 
course of this disease under therapy 
with human interferon beta. 
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REPORT OF a CASE 


A 15-year-old Kuwaiti boy with a history 
of uncomplicated measles at age 5 initially 
presented at a foreign Lospital with con- 
tinuous involuntary rhythmic flexion jerks 
of his extremities that ceased during sleep. 
The following findings were reported in 
the patient’s reeord: rormal CT scan, 
repeated diffuse bursts of high-voltage 
sharp and slow waves on electroencephalo- 
gram (EEG), and a normal cell count and 

eslightly elevated protein level in a lumbar 
cerebrospinal fluid (CSF) specimen. Mea- 
sles antibody titer in bota CSF and serum 
was increased. During the next three 
months, his parents roted behavioral 
changes and gradually deteriorating abili- 
ty to speak. Incoordinat-on of movement _ 
and myoclonus of head, imbs, and trunk 
progressed. The boy was then transferred 
to this hospital. 

He was alert on admission but he did not 
speak spontaneously and he did not follow 
any commands. Muscle tonus was rigid 
throughout, and the patent was jerking i 
rhythmically every 5 s, contracting his 
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Frontal 
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Change Mean S 
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74.1 403 4.80 
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* Metabolic rates are given in micromoles of glucose per 100 g per minute. 


tExceeding lower 95% prediction limits. 
Exceeding upper 95% prediction limits. 





§Only tissue that appeared normal on computed tomographic and magnetic resonance imaging scans in second study. 


||Median structure, appearing only in left-side column. 


arms and crossing the right leg over the 
left. 

Tendon reflexes were increased symmet- 

and plantar responses were exten- 
sor. was unable to stand or to walk. 
Serum measles antibody titer was signifi- 
cantly elevated (positive antibody reaction 
was up to 0.0075 mg/dL IgG concentra- 
tion). 

After informed consent of his parents 
was obtained, the patient was treated with 
human interferon beta, 10x 10° IU/24 
h for six days intravenously, followed by 
infusions of 3 X 10° IU per four hours twice 
a week for three weeks. Besides phenobar- 
bital sodium, barbexaclone (Maliasin, 25 
mg three times a day) and clonazepam 
(Rivotril, 0.25 mg twice a day) were admin- 
istered (serum concentrations of 10.7 to 
13.8 mg/L of phenobarbital and 4.6 to 10.0 
mg/L of clonazepam were measured). He 
developed a febrile reaction. His platelet 
count increased to 810 X 10°/L, while white 
and red blood cell counts remained almost 
normal. The patient was monitored in the 
intensive care unit for a few days until he 
reached a stable clinical condition. Intensi- 
ty of the jerks decreased, and, after four 
weeks of treatment, the.patient was dis- 
charged to his home country. 

Six months later, he received another 
course of interferon treatment (as 
described above) at this hospital. His con- 
dition appeared slightly improved, jerking 
movements had gradually descreased in 
frequency and intensity, and his family 
maintained that he recognized them and 
he was more alert. However, his condition 
was still not sufficient to undergo any 
formal neuropsychologie testing. During 
both hospital stays, a CT, magnetic reso- 


98 Arch Neurol—Vol 46, Jan 1989 


nance imaging (MRI), and positron emis- 
sion tomographie (PET) scan were per- 
formed, and EEG was recorded repeatedly. 
Positron emissicn tomographic scans were 
done after cessation of the transient 
febrile reaction due to the initiation of 
interferon therapy. 


METHODS 
EEG 


An EEG was recorded on a 12-channel 
electroencephalograph (Picker Interna- 
tional) using the 10/20 international sys- 
tem of electrode placement, with bipolar 
montages. The recordings were obtained at 
rest; paper speed was 30 mm/s, time con- 
stant, 0.2 s. 


CT 


Transaxial CT scans of the brain were 
obtained using a tomograph (Picker Inter- 
national 1200 SX) and a somatome 2 (Sie- 
mens), at the first and second examination, 
respectively, without application of con- 
trast material. Center-to-center slice dis- 
tance was between 5 and 10 mm. 


Transaxial scans with 10-mm center- 
to-center slice distance were performed on 
a tomograph (Picker International) oper- 
ating at 0.5 tes_a, using inversion-recovery 
(TR = 2500 ms, TI = 600 ms) and spin-echo 
(TR = 3000 ms, TE = 80 ms) sequences. 


PET 


After intravenous injection of approxi- 
mately 185 MBq (5 mCi) fluorine 18-2- 
fluorodeoxyglueose PET measurements of 
regional cerebral glucose metabolism‘ 


were performed in a resting state with eyes 
closed and ears unoccluded, in a room with 
dimmed light and steady ambient noise 
caused by the fans of the four-ring tomo- 
graph. Using the procedure described by 
Heiss et al, a total ef 14 slices were 
scanned parallel with the canthomeatal 
plane, at a center-to-center slice distance 
of 7 mm and a mean slice thickness of 
approximately 11 mm. Although sequen- 
tial scans of tracer uptake were recorded in 
both studies, the whole sequence could be 
analyzed only in the second study. The 
early scans of the first study were dis- 
torted by motion artifacts. The autoradio- 
graphic approach using the formula of 
Wienhard et al’ that includes adjustment 
of rate constants K, and K, to measured 
tissue activity was therefore used for cal- 
culation of metabolic rates. In the second 
study individual rate constants were deter- 
mined additionally by nonlinear least 
squares fit. Regions of interest on morpho- 
logically intact tissue were defined using a 
semiautomatic mapping proeedure.* Aver- 
age regional metabolic rates of all major 
brain structures (Table), usually composed 
of regions from several adjacent slices, 
were calculated. Necrotic areas of putamen 
demonstrated by the second MRI and CT 
study were not included in the regional 
metabolic analysis; thus, lentiform nucleus 
(Table) represents only the metabolism of 
the small preserved posterior part of this 
structure in the second study. Metabolic 
rates were compared with 95% prediction 
limits derived by t statistics from a sample 
of ten subjects without disease of the cen- 
tral nervous system, who were between 16 
and 25 years of age (median, 23 years). 
There were five males and five females. 
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RESULTS 
EEG 


Before treatment, EEG showed 
mild slewing ot background activity (5 
to 8 Hz’30 wV) and continuous bifron- 
tal hign-amplitude delta activity of 
about | Hz/200 «V with spikes and 
slow spikes. There were generalized 
periodic 3- to 4-Hz/150-uV wave 
bursts every 4 to 6 s concurrent with 
jerking movements. These complexes 
lasted for about 5s each. During and 
after treatment, bacxground activity 
was mildly aecelerated, while the 
severe periodic generalized sharp- and 
slow-weve complexes remained al- 
most umchanged. 


CT and MRI 


At the first presentation of the 
patient, CT showed normal density of 
brain tissue, ventricles ard basal cis- 
terms were of normal size and shape, 
convex OSF spaces were not visible 
(Fig 1, left). The CT scans were com- 
promised by moderate movement 
artifacts at some levels, but evalua- 
tion wassstill possible. The MRI scans, 
however were severely distorted by 
motion artifacts and yielded no diag- 
nostic imtormation. 

At the second presentation, large, 
symmetric hypodense areas were 
found om CT bilaterally in the area of 
the putamen, probably also affecting 
the external capsule and the claus- 
trum. The caudate nucleus and appar- 
ently also the posterior part of the 
putamen were spared (Fig 2, top left). 
Inner and outer CSF spaces were 
moderately enlarged. Magnetic reso- 
nanee imaging revealed a correspond- 
ing area of low-signal intensity on 
inversiom reeovery scans. These high- 
contrast images also confirmed the 
sparing of a small part of tae posteri- 
or putamen (Fig 2, bottom left). In the 
spin-echosscans the lesion was seen as 
an area of high-signal intensity, but 
the spared part of the putamen was 
less elearty delineated (Fig 2, bottom 
right). Unfortunately, spin-echo and 
inversion recovery scans were ob- 
tained at interealated levels, and 
therefore direct eomparison was not 
possible. 


PET 


At the patient’s first examination, 
local clucese metabelism (Table, Fig 
1, right) was severely reduced in all 
cortical areas except  prerolandic 
motor cortex. It was similarly reduced 
in thalamus and cerebellum on both 
sides. Metabolism was above normal 
in the Jentiform nuclei, which 
increased reaching statistical signifi- 
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Fig 1.—Computed tomographic (left) and positron emission tomographic scan (right, gray scale 
range 3 to 45 umol of glucose per 100 g of tissue per minute) at first presentation: pronounced 
striatal hypermetabolism and cortical hypometabolism, but no altera7ions in computed tomogra- 


phy. 


Fig 2.—Representative slice at mid-basal ganglia level of computed tomography (top left), 
positron emission tomography (top right, gray scale range 3 to 65 uwmol/ 100 g of tissue per 
minute), magnetic resonance imaging inversion recovery (bottom left), and spin-echo (bottom 
right) examinations at second presentation. Symmetric defects in putamen are demonstrated by 
corresponding computed tomography and magnetic resonance imaging despite different angula- 
tion. Positron emission tomography shows recovery of cortical metabolism and persisting 
hypermetabolism in spared parts of putamen and caudate nucleus. 
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cance only on the left side. On both 
sides, metabolism of the caudate 
nucleus was close to normal. In con- 
trast, the glucose consumption rates 
of prerolandic motor cortex, brain 
stem, cerebellar vermis, and subcorti- 
cal white matter were below the 
respective normal mean values, but 
did not exceed 95% prediction limits 
(except brain stem on the right side 
only). 

At second presentation, there was a 
general increase in glucose metabo- 
lism (Fig 2, top right). This increase 
was most pronounced in frontal cortex 
(by 98.4% on the left side and by 
97.8% on the right side). It was least 
in lentiform nucleus (by 3.8% and 
16.1%, respectively), where only tis- 
sue appearing normal on CT and MRI 
was seen. Analysis of the dynamic 
tracer uptake data revealed that the 
increase of the metabolic rate was due 
to a proportionate increase of fluorine 
18-2-fluoro-2-deoxyglucose transport 
and phosphorylation. This time, no 
brain region had a metabolic rate 
below the 95% prediction limits of 
normal, but the caudate nucleus and 
the remaining part of the lentiform 
nucleus were severely hypermetabolic 
on both sides. The estimated metabol- 
ic rate of the necrotic parts of the 
lentiform nucleus was 29 umol/100 g 
inute, but this value was obvi- 
ously Biased by partial volume affect 
of the adjacent hot tissue. 


COMMENT 


Cerebral hypometabolism is a com- 
mon finding in a variety of cerebral 
disorders, including multiple sclero- 
sis’ and Creutzfeldt-Jakob disease.’ 
Correlation of local hypometabolism 
with impairment of neurologic func- 
tion has been documented in Alzheim- 
er’s disease.''!? On the other hand, 
focally increased glucose metabolism 
was observed in functionally activated 
areas (review in Mazziotta and 
Phelps”), during the ictus in epileptic 
foci,’* in the borderzone of acute is- 
chemic infarcts, and in malignant 
gliomas.” 

In this case, the described striatal 
hypermetabolism may be related to® 
an active inflammatory process, 
because some immunologically active 





100 Arch Neurol—Vol 46, Jan 1989 


cells show increased glycolysis.'* It 
may also correspond to increased neu- 
ronal activity due to inflammatory 
damage producing the myoclonic 
jerks with generalized, simultaneous 
high-amplitude EEG bursts; similar 
myocloni can be elicited by injection 
of picrotoxin into the caudate nucle- 
us.” The low metabolic rate in most 
cortical regions could then reflect 
functional cortical depression result- 
ing from inhibitory projections from 
the basal ganglia via the thalamus.” 
With progression of inflammatory 
tissue damage the basal ganglia are 
partly destroyed, and thereby the 
inhibitory effects on the cortex are 
diminished. 

As demonstrated by the cell dam- 
age occurring in prolonged epileptic 
seizures, long-lasting cellular hyper- 
activity with hypermetabolism may 
itself compromise cellular homeosta- 
sis and initiate pathogenetic cascades 
that finally lead to cell death.” Fur- 
thermore, periods of increased cellu- 
lar activity have been observed after 
transient ischemic episodes causing 
delayed cell death.” The morphologic 
defects developing in the described 
course of subacute sclerosing panen- 
cephalitis were centered in the previ- 
ously hypermetabolic putamen, with 
continued hypermetabolism of the 
remaining basal ganglia. This article 
thus provides some evidence support- 
ing the notion that infectious diseases 
like subacute sclerosing panencephali- 
tis may induce neuronal hyperactivity 
and hypermetabolism in tissue that is 
at risk of irreversible damage. 
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Concurrence of Limb Girdle Muscular Dystrophy 
and Myasthenia Gravis 


Parkat Husair. MD; Nell J. Ryan, MD; Gwendolyn R. Hogan, MD 


@ We descibe a case of limb girdle 
museular dystrophy with associated 
myasthenia gravis. This association has 
not seen prev ously noted in the litera- 
ture. The unusual feature of the case was 
that symptoms coexisted for several 
years before a corect diagnosis was 
made. The diagnosis was based on the 
clinica! picture and the results of the 
musc@e biopsy and electrophysiologic 
testing. This case serves to illustrate the 
fact hat a separate problem should be 
censmiered when the clinical picture is not 
compatible with the uncerlying diagno- 
sis. 

(Arch Neurof1989;46: 101-102) 


e describ a patient with limb 

girdle muscular dystrophy who 
later developed symptoms compatible 
with a defect in neuromuscular trans- 
mission. Revew of the literature 
reveæed no previous reports of these 
relatively uncemmon diseases occur- 
ring simultazeously. This article 
emphasizes that other disorders 
should be considered to coexist when 
atypieal features arise late in the 
course of a primary muscle disorder. 


REPORT OF A CASE 


A 5a-year-old right-handed man was 
diagnosed to have limb girdle muscular 
dystroehy at tł= age of 22 years. The 
diagnosis was based cn the history of 
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proximal weakness that began in the sec- 
ond decade. There was not facial or pha- 
ryngeal involvement. A muscle biopsy 
specimen obtained at age 22 years was 
consistent with a diagnosis of limb girdle 
muscular dystrophy. 

The condition progressed slowly. In 1973, 
20 years after the onset of symptoms, the 
patient developed intermittent diplopia, 
ptosis, and fatigue. In 1978, he was hospi- 
talized at another institution with respira- 
tory failure that was diagnosed as restric- 
tive lung disease secondary to muscular 
dystrophy. Details of that hospitalization 
are not available. In 1979, at a time when 
he was working daily and totally indepen- 
dent, he experienced severe respiratory 
difficulties, and he was told that he had 
vocal cord and diaphragmatic paralysis. A 
permanent tracheostomy was performed. 
In the same year he began to experience 
weakness of the masseter muscles while 
eating. He gradually deteriorated, and he 
required a cuirass respirator at night. In 
1985, the intermittent diplopia, ptosis, and 
generalized weakness became much worse. 
He was seen in the Muscular Dystrophy 
Clinic (Louisiana), and the diagnosis of 
myasthenia gravis was considered on the 
basis of the clinical features. Electrophysi- 
ologic tests were performed, and they were 
consistent with the diagnosis of myasthe- 
nia gravis. A Tensilon test was not per- 
formed, but neostigmine bromide (Prostig- 
min) therapy produced dramatic improve- 
ment. There was improvement in strength 
in all muscle groups, but most marked in 
the legs, with moderate improvement in 
ptosis and in chewing. The patient was able 
to go fishing for the first time in seven 
years. The improvement was, however, 
short-lived. Prednisone and plasmaphere- 
sis in August 1985 failed to produce 
improvement. The patient is now receiving 
pyridostigmine bromide (Mestinon) thera- 
py and he is stable. 

Pertinent physical findings included the 
presence of a tracheostomy and severe 
generalized weakness. The weakness was 


more prominent in a proximal distribu- 
tion. There was bilateral ptosis, and diplo- 
pia was present or. right lateral gaze. The 
palate moved symmetrically. There was 
mild weakness of flexors and extensors of 
the neck. There was moderate wasting of 
the shoulder girdle muscles. The deep ten- 
don reflexes were depressed bilaterally. 
Plantar responses were flexor. The sensory 
examination was normal. 


LABORATORY FINDINGS 


Thyroid function studies, crgitine 
kinase, acetylcholine receptor anti- 
body, and striated muscle antibody 
test results were negative. Tests for 
blocking and modulating antibodies 


were not done. Nerve conduction’ 


studies were normal. 

Repetitive stimulation was per- 
formed on the right median and ulnar 
nerves. Rate of stimulation was 3 Hz. 
Responses were recorded at rest, 
immediately after 30 s of exercise, and 
subsequently at cne-minute intervals 
up to four minutes. When the right 
median nerve was stimulated, a sig- 
nificant decremental response of 30% 
was seen at rest (Fig 1). A repair of 
10% was seen immediately after ex- 
ercise. However, the decrement re- 
turned to 27% one minute after exer- 
gise and continued up to four minutes. 
The right ulnar nerve showed a decre- 
mental response of 10% at rest. This 
continued for four minutes. There was 
no significant repair immediately 
after exercise. 

Repeated electromyographic (EMG) 
examinations revealed motor unit 
potentials of amplitudes varying from 
0.4 to 1.5 mV with an increased pro- 
portion of polyphasics in the proximal 
muscles. Recruitment rate was de- 
creased with a rapid firing rate of the 
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Fig 1.—Repetitive stimulation of median nerve 
at wrist at 3 Hz demonstrates 30% decremen- 
tal response between first and fourth poten- 
tial. Recording made at rest. 


motor unit potentials. The EMG 
showed a mixed pattern of myopathic 
and neuropathic changes. 

A single-fiber EMG was attempted. 
However, due to marked weakness in 
all the limb muscles, contraction could 
not be sustained. Therefore, the study 
could not be interpreted. 

A biopsy of the quadriceps muscle 
was carried out in 1985. Cryostat sec- 
tions prepared with hematoxylin- 


_ ypetin and trichrome stains showed a 
miniMal increase in septal connective 


tissue with no evidence of inflamma- 
tory changes. There was variation in 
muscle fiber size with some small 
fibers and pyknotic nuclei. Occasional 
split fibers and angular fibers were 
seen. Some fibers contained internal 
nuclei. In areas of small fibers, an 
occasional fiber was seen undergoing 
necrosis. Histochemical stains re- 
vealed no evidence of storage or unus- 
ual inclusions. Stains with ATPase 
revealed a reduced number of type I 
fibers. Small fibers were of both type I 
and type II fibers. Generally type II fi- 
bers predominated. No lymphorrhages 


1. Aita JF, Snyder DH, Wofram R: Myasthe- 
nia gravis and multiple sclerosis: An unusua 
combination of diseases. Neurology 1974;23:72- 
75. 

2. Mapelli G: Concurrence of myasthenia gra- 
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Fig 2.—Cryostat section of right quadriceps muscle stained with hematoxylin-eosin shows 


marked variation in fiber size and increased numbers of internal nuclei (original magn fication 


X250). 


were seen. The biopsy specimen was 
consistent with a diagnosis of limb 
girdle muscular dystrophy (Fig 2). 


COMMENT 


Myasthenia gravis is a relatively 
uncommon disorder that has occa- 
sionally been reported to occur in 
association with diseases that are pre- 
sumably of autoimmune etiology." 
The disease is due to the presence of a 
heterogeneous antibody to the acetyl- 
choline receptor detected in about 
80% of cases.* The diagnosis of myas- 
thenia gravis in our patient was based 
on the symptoms of easy fatigability, 
intermittent ptosis, diplopia, and the 
response ot anticholinesterase medi- 
cations. The electrophysiologic find- 
ings were consistent with a defect in 
neuromuscular transmission. 

The diagnosis of limb girdle muscu- 
lar dystrophy was confirmed by a 
muscle biopsy specimen. The patient’s 
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clinical course was characteristic of 
that disease for 20 years. He then 
developed symptoms that were incon- 
sistent with his primary diagnosis. 
Ocular findings are not a feature of 
limb girdle muscular dystrophy. It is 
also unusual for a patient with limb 
girdle muscular dystrophy to develop 
acute respiratory difficulties severe 
enough to require a tracheostomy and 
assisted ventilation at a time when his 
general condition allows full ambula- 
tion and full employment. The unusu- 
al course and atypical findings sug- 
gested the presence of another disease 
that was finally identified as myas- 
thenia gravis. 

The association of these two disor- 
ders has not been reported previously. 
Physicians should be alert to the fact 
that another condition should be con- 
sidered to coexist when the clinical 
features of the primary disease can- 
not explain the changes in the course 
of that disorder. 


4. Whiting PJ, Vincent A. Newsom-Davis J: 
Myasthenia gravis: Monoclonal antihuman ace- 
tylcholine receptor antibodies used to analyze 
antibody specificities and responses to treat- 
ment. Neurology 1986:36:612-517. 
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An Autopsy Case of Atypical Infantile Motor Neuron 
Disease With Hyaline Intraneuronal Inclusions 


Kergi Yokochi, MD; Masaya Oda, MD; Junichi Satoh, MD; Yoshio Morimatsu, MD 


e We describe a 5-year-old boy who 
hac had a progressive motor weakness 
wits bulbar palsy and spasticity of the 
lower extremities since age 3 years and 
whe died of bronchopneumonia after 
abeut two and a nalf years of the illness. 
Neesropatholagic examination revealed 
combined degenerative processes in the 
upper amd lower motor neurons, the spi- 
noeerebellar andolivocerebellar systems, 
and the ventral thalamic nuclei. Lewy 
body-lixe intrameuronal hyaline inclu- 
sions, which wultrastructurally showed 
irregular accumulations of  trilaminar 
membranous prefiles, were detected in 
the spiral anterior horn, Clarke’s dorsal 
nucieus, facial nerve nucleus, inferior dli- 
vary nucleus, amd substantia nigra. This 
case could be considered as a unique 
fomm in the group of the infantile motor 
newron diseases associated with multi- 
systemic degenmerations in the central 
nervous system. 

TArc? Neurol '989;46: 103-107) 


T thīs article, we present a unique 
case of infantile neurogenic weak- 
ness' in which symptoms of both 
upper and lower motor neuron were 
observed, and multisystemic degener- 
ations, including the spinal cord, spi- 
necerebellar and olivocerebellar sys- 
tems, and thalamus, as well as intra- 
neuronal hyaline inclusions, were 
neuropathelogic characteristics. 
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REPORT OF A CASE 


A 3-year-old boy visited our hospital 
because of gait disturbance. His family 
history was unremarkable. He was born 
with an uneventful delivery after an 
uncomplicated pregnancy. His birth 
weight was 2840 g. He had no neonatal 
complications. His motor development was 
not delayed until age 3 years. He was then 
noted to stumble easily. 

On first visit to our hospital at age 3 
years, he walked with a waddling gait and 
stood with Gewers’ maneuver. He had mild 
muscle weakness and atrophy with a predi- 
lection for the proximal part of the 
extremities. Pes equinus was seen bilater- 
ally. Fasciculations of the tongue were 
observed. The deep tendon reflexes were 
hyperactive in the legs with positive 
Babinski signs. Sensory disturbances were 
not recognized. 

On laboratory examination, his creatine 
kinase level was found to be slightly ele- 
vated at 106 U/L (normal, 18 to 86 U/L). 
Motor nerve conduction velocity of the 
median nerve was normal at 36.2 m/s. 


- Electromyogram of the biceps brachii and 


the quadriceps femoris showed long dura- 
tion and high-amplitude motor unit poten- 
tials and reduced number of potentials at 
maximal voluntary contraction. Histologic 
examination of the biopsy specimen of the 
biceps brachii showed grouped atrophic 
fibers, whieh were both histochemical 
types 1 and 2, as demonstrated by adeno- 
sine triphosphatase and nicotinamide-ade- 
nine dinucleotide activity. 

Thereafter, the patient’s generalized 
muscle weakness and atrophy progressed. 
At age 4 years, he began to experience 
difficulty swallowing and progressively 
increased drooling. At age 5 years, he 
became unable to walk alone and had a 
constant stridor. He died of pneumonia at 
age 5 years 11 months. Throughout his life, 
he had had normal intellectual develop- 
ment and no convulsive seizures. 


PATHOLOGIC FINDINGS 


The postmortem examination disclosed 
severe bronchopneumonia and obstruction 


of the trachea and broncni by thick sputum 
as the immediate cause of death. There 
were no other remarkable findings except 
generalized congestion of organs. The thy- 
mus was well developed and weighed 32 g. 
The brain (1360 g) and spinal cord were 
macroscopically normal. The anterior 
roots were thin. 

By microscopic exarrination, the cere- — 

bral cortex and white matter showed 
almost normal appearance, but Betz’s 
giant cells in the motor cortex were — 
decreased in number end the remaining ~~ 
cells were atropnic and darkly stain F 
moderate neurcnal loss with ia 
gliosis was seen in the ventral posterome- 5 
dial, ventral posterolateral (Fig 1, A), and a 
also ventral lateral thalamic nuclei, and 
many remaining nerve cells showed isch- 
emic changes with eosinophilic cytoplasm 
and shrunken naclei, some of which were 
surrounded by neuronodhagic cell nodules. 
Such acute neuronal changes were scat- 
tered in the ether thalamic regions as well 
as other gray metter in the central nervous 
system, especially in the brain stem and 
spinal cord. Aside from those acute ter- 
minal changes, there was no remarkable 
neuronal loss or gliosis in the basal gan- 
glia. 

There was a marked to moderate neuro- 
nal loss and gliosis in the inferior olivary 
nucleus (Fig 1, C) and tae seventh and 12th 
cranial nerve nuclei. The nerve cells of the 
substantia nigra and fifth, sixth, ninth, 
and tenth cranial nerve nuclei were atro- 
phic The olivocerebelkar fibers, restiform 

ody, and medial longitudinal fasciculus 
showed a mederate myelin loss and gliosis 
(Fig 1, B and C). The pantine basis was well 
preserved, although a fibrous gliosis was 
marked in the most basal part (Fig 1, B). In 
the cerebellum, Purkirje cells were slight- 
ly decreased in number and some somatic | 
sprouts were found in places. The cerebel- 
lar white matter was unremarkable. The _ 
myelinated fiber bundles that surrounded 
the dentate nucleus were pale in the myelin — 
preparations and skowed a moderate 
fibrillary gliosis (Fig 1, B). The dentate 
nucleus and other cerebellar deep nuclei 
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Fig 1.—A, Cerebral hemisphere (Holzer stain). Thalamus shows 


moderately in posterolateral nuclei. 

nucleus and pontine basis show fibrill 
olivary nuclei, medial !emniscus, medial longitudinal fasciculu 
fibrillary gliosis; anterior spinocerebellar tract also shows myelin 
[lower] stains, X2.5). Anterior roots are atrophic with loss of mye 
Anterior horn shows marked fibrillary gliosis. E, Marked neuron 


stain, X 100). 


were unremarkable except for slight glio- 
sis. 

There was a marked neuronal loss witl# 
fibrillary gliosis in the anterior horns in 
the entire length of the spinal cord (Fig 1, 
D), but the nerve cells in the ventromedial 
part of the second sacral segment (Onufro- 
wicz’ nucleus) were well preserved. Both 
lateral and anterior corticospinal as well 
as ventral and dorsal spinocerebellar 
tracts were also affected, showing a slight 
pallor of myelin stain, but without demon- 
strable fibrous gliosis (Fig 1, D). Neither 
the Clarke’s dorsal nucleus nor the inter- 
mediolateral nucleus showed remarkable 
neuronal loss. The myelinated fibers of the 
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ary gliosis. C, Medulla (Kliiver-Barrera 


anterior roots were decreased in number. 
The examined skeletal muscles (diaphrag- 
ma, deltoideus, sternocleidomastoideus, bi- 
ceps, pectoralis major, intercostal, rec- 
tus abdominalis, and ileopsoas) showed 
moderate group atrophies of neurogenic 
type. 

The other characteristic changes in this 
case were intraneuronal hyaline inclusions. 
They were distributed in the anterior horn 
(Fig 2, A), Clarke’s dorsal nucleus (Fig 2, B), 
facial nerve nucleus (Fig 2, C and D), 
inferior olivary nucleus, and substantia 
nigra (Fig 2, E). Most of them appeared 
clearly in the perikarya of large neurons, 
but some were also in the degenerated 





fibrillary gliosis slightly in ventral posteromedial and 
B, Pons and cerebellum (Holzer stain). Cerebellar white matter surrounding dentate 
[upper] and Holzer [lower] stains, X2.5). Inferior 
s, and inferior cerebellar peduncles show myelin pallor and 
loss. D, Cervical cord (C7) (Kliiver-Barrera [upper] and Holzer 
lin. Lateral fasciculi are faintly stained by Kliiver-Barrera sta n. 
al loss of anterior horn of cervical cord (C7) (Kliiver-Barrera 


neurons surrounded by neuronophagia. 
They were stained as eosinophilic, hyaline, 
and faintly argyrophilic with or without 
twofold or threefold laminations and cen- 
tral cores, and positive in variable grades 
by periodic acid-Schiff, alcian blue, telu- 
idine blue, gallocyanin chromalum, Luxol 
fast blue, and Sudan black B, but negative 
by Congo red and Feulgen stains. No horse- 
radish peroxidase activity was demonstrat- 
ed in these inclusions by the ind:rect immu- 
nohistochemical staining for neurofila- 
ment protein of 200 kilodaltons, tubulin, 
microtubule-associated proteins, and 
paired helical filaments. 

Many small blocks of the lumbar anter‘or 
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hora ard substantia nigra were refixed 
wi à 1% osmic ad solution and embedded 
in epoxy resin (Epen 812); ultrathin sec- 
tices of hyaline inclusions, which had been 
desecteé in the toluidine blue-stained 1-um 
serions were then stained with uranyl 
acecate-lead citrate and observed by elec- 
trea mitroseopy (JEOL 200CX). The cyto- 
plasmic inclusions consisted of irregular 
ageregetions of laminar and granular 
materials; they were much more compactly 
accumtiated and cendensec in the central 
ecs ofthe inclusiens (Fig 3, A). By higher 
megnifeation, those aggregates showed 
curved. semicireular, or vesicular profiles; 
their basic compments were trilaminar 
structures with two thin electron-dense 
omer layers and electron-lucent central 
zeaes (whole thickness, about 6.0 to 8.0 nm 
wath a 2.5- to 3.5-mm inner lucent zone and 
æ- to 2.5-nm outer dense lines); some were 
sack to one anether and stowed multilam- 
iaar myelin figures (Fig 3, B and D). There 
were £ few scattered destroyed mitochon- 
ia im the peripheral and boundary zones 
ce the inclusions, and the unit membrane- 
Eze profiles of thecomponents of the inclu- 
aons resembled fragments of their cristae 
ex outer membranes (Fig 3, A and C). The 
=clusions had nc limiting membranes. In 
4he surrounding cytoplasm, some smaller 
Susters with similar multilaminar and 
=anular structures were seen (Fig 3, C); in 
addition, there were many scattered irreg- 
alarl> curved, whorled, trilaminar or mul- 
claminar, thin membranous structures 
TFig 3, A). 
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COMMENT 


In this case, the generalized weak- 
ness occurred at age 3 years, and at the 
end the bulbar palsy progressed rapid- 
ly. Results of the biopsy examination 
of muscles and electromyography 
revealed that this weakness was of 
neurogenic origin. This case was there- 
fore suspected to be one of spinal 
progressive muscular atrophy, com- 
mon in infancy and childhood, such as 
Werdnig-Hoffmann or Fazio-Londe 
disease.'* However, the usual presen- 
tations of infantile and juvenile spinal 
progressive muscular atrophy do not 
coincide with this boy’s disease in that 
the latter showed in addition the spas- 
ticity of the lower extremities and 
more rapid progression of weakness.'” 
Also, his later-developed bulbar palsy 
combined with generalized weakness 
differ from the symptoms of Fazio- 
Londe disease.** The symptoms of this 
case are rather similar to those of 
amyotrophic lateral sclerosis (ALS) 
because of the combined upper and 
lower motor neuron involvement.*® 
However, ALS is a representative 
motor neuron disease in adults and 
known to occur only after the second 
decade in childhood.*”® Thus, the clin- 
ical features of this case were thought 





Fig 2.—Various figures of intraneuronal 
cytoplasmic hyaline inclusions. A, Lumbar 
anterior horn cell (toluidine blue-stained 
semithin section, X3360). B, Clarke’s dor- 
sal nucleus (hematoxylin-eosin, X92 000). 
C, Facial nerve nucleus (hematoxylin- 
eosin, X92 000). D, Facial nerve nucleus. 
Small inclusion with slightly basophilic core 
and marginal zone (arrow) (hematoxylin- 
eosin, X66 700). E, Substantia nigra. Inclu- 
sion in degenerated neuron surrounded 
by neuronophagia (hematoxylin-eosin, 
X 1500). 


to be unique among the E” i 


weaknesses that occur during infancy 


and childhood. 

` Neuropathologically, corresponding 
to these clinical data, the involvement 
of the anterior horn and lower cranial 
nerve nuclei was the most conspicuous 
finding of this case, and the cortico- 
spinal tract and precentral cortex 
were also affected, though only to a 
slight degree. In addition, this case 
showed, however, the chronic and old 
degenerations of the spinocerebellar 
and olivocerebellar systems and the 
ventral thalamic regions. They should 


not be regarded as results of relapsing 


complications of hypoxia, but as 
essential changes in this case, because 
a hypoxemic state, which could be a 
main cause of the scattered ischemic 
eneuronal changes with neuronophag- 
ia, was experienced only at the termi- 
nal stage. The degenerations do not 
coincide with the lesions in the cases 
reported as familial or sporadic juve- 
nile ALS. Steiman et al reported 
two unique infantile cases and 
reviewed similar cases in the litera- 
ture. In these cases, the neurogenic 
weakness occurred mostly from birth 
and the widespread neuron loss and 
gliosis in both gray and white matter 
of the thalamus (ventral and lateral 
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Fig 3.—Electron microscopic findings of intraneuronal c 
substantia nigra (D) (uranyl acetate-lead citrate). A, A 
Some smaller aggregates are als6 visible in surroundi 
structures and granular bodies encircle inclusions (X 





ytoplasmic inclusions in anterior horn of lumbar cord (A through C) and 
ggregation of laminar and granular materials with dense central core. 
ng cytoplasm (arrow). Irregularly shaped, whorled, thin membranous 
2870). B, Higher magnification of area in square in Fig 2, A. Inclusion 





consists of compact and irregular accumulations of curved or semicircular structures, each of which shows trilaminar profiles. 
p 


Aggregation is much more compact in central core (XB2 
2, A. Circular or vesicular structures with similar laminar 
myelin figures (X82 000). D, Similar intraneuronal incl 


regions), cerebellum, pons, and spinal 
cord were characteristic neuropatho- 


logic findings. Our case differs from 


the cases of this “infantile neuronal 
degeneration” in the age of onset and 
the preservation of the pontocerebel- 
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lar system, although they have a cer- 
tain similarity, especially from the 
neuropathologic point of view. 

The most characteristic feature of 
the present case is the intraneuronal 
hyaline inclusions. They may contain 


000). C, Higher magnification of small cluster indicated by arrow in Fig 
profiles are seen. Some are stuck to each other and show multilaminar 
usion in substantia nigra (X14500). 


proteins, lipids, polysaceharides, and 
presumably destroyed RNA, and show 
no immunohistochemical affinity to 
neuronal intermediate filaments, mi- 
crotubules, or other fibrillary struc- 
tures. Their light microseopic proper- 
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ties -anret be distinguished from 


Lewybodies in Parkinson’s disease." 
However. the ultrastructures of these 
intrameurenal bodies are different; 
althoagh the typical Lewy bodies 
showecireular or vesicular profiles like 
the present inclusions,'*” the filamen- 
tous and granular constituents of the 
former eould not be identified with 
the crilaminar enes of the latter. 
Thes structures differ from the hya- 
line =osizophilic intraneuronal inclu- 
sions of the familial ALS composed of 
gramular and filamentous ultrastruc- 
ture“ snd from the basophilic ones 
of the speradic juvenile ALS showing 
tubdlar and ribosomelike profiles.*’ 
The= dier also from other hyaline, 
grarular filamentous, cr tubular 
inclasioms of moter neuron disease 
and other various degenerative or 
storage diseases. ° Some intraneu- 
ronal imclusions detected, for in- 
stamce, im thalamic neurons of myo- 
tone and other dystrophies are 
composed of mryelinlike parallel 
alternating dark and light linear pro- 
files resembling the presented ones, 
but shew a plam distinction in their 
yery recular long rectilinear arrange- 
meat.’ Neuronal intranuclear hya- 
line inetusion disease has been pro- 
posed as a rare degenerative disease 
thet has shown intranuclear hyaline 
inceusiens within neurons in the cen- 
tral amd peripheral nervous sys- 
tem.?'* The majority of the patients 
have zad similar symptoms with 
onset a childheod, consisting of invol- 
unary movements, ataxia, and men- 
ta deterioration, and died before ado- 
leseenes.*?* Their intranuclear inclu- 
siens with ilamentous profiles doubt- 
lessly Siffer frem ours in location and 
ul-rascrueture.'*%* We eannot find 
resort in the literature of intraneu- 
ronal bodies with such structures as 
here scribed. Their trilaminar pro- 
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files resembling unit membranes sug- 
gest their origin from degenerative 
products of cytoplasmic organelles 
such as mitochondria or endoplasmic 
reticulum,” and could represent a yet 
unknown, but essential, metabolic 
failure of neurons in this disease. We 
believe this case is unique among the 
group of motor neuron diseases and 
spinocerebellar degenerations in 
childhood, and deserves to be reported 
here. | 


The authors are indebted to Yoshio Sekiguchi 
and the late Tetsuo Kurita, Tokyo Metropolitan 
Neurological Hospital, for their excellent techni- 
cal support of the electron microscopic studies; 
Masanori Tomonaga, MD, Tokyo University, for 
the kind offer of the immunohistochemical anti- 
bodies; and Tomoko Uchida, MD, Fukuoka (Ja- 
pan) University, for her helpful assistance. 
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"Accommodations were comfortable...."* 


GOALS AND LOCATION: Tke course 
will be held the week before and in the 
area of each oral board exam. This will 
provide a regionàl review for written 
boards as well as a convenient course to 
take (or repeat for half price) immediate- 
ly before oral boards. The meeting will 
include both didactic lectures and simu- 
lated oral examinations. It is also a 
comprehensive update for practicing 
neurologists. The course will be at the 
best combination of luxury accomoda- 
tions and bargain rates. Our hotel rates 
have been $59 to $78 single and $79 to $98 
double. Please wait for instructions 
before buying travel tickets. 


"and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-645-6504 ext. 10 and identify 
yourself with this Osler course for special 
group fares. 


"remarkably complete and pleasant "* 


PLACEMENT SERVICE: For a practice 
opportunity write or call (809) 356-7537. 


"...the most education for the money."* 


FEES AND C.M.E. CREDITS: 

e C.M.E. Credit: 6) hours 
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e Residents and Fellows: one third off 


e Repeating course within 3 years: half price 

e Add 10% for Spring ’89 after March 15. 

e Attendees not in course hotel add $&/day. 

e $50.00 will reserve your position. 

e Most home study materials will be mailed 
after half of registration fee is received. 


"ome study material was extremely helful"* 


CANCELLATIONS: Refunds subject to $50 
fee, will be made until the seminar begins. 

e Cancellations after mailing home study 
material requires retention of half of the fee. 


"I feel it helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken, Jr, M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 
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\ “Once in a blue moon” describes the phenomenon in which 
\ the moon appears as a brilliant blue. Seen worldwide fallowing 
‘he volcanic eruption of Krakatoa in 1883, the blue moen occurs 
only when atmospheric cloud droplets, each less than 5 um ir 
sits.“ form in abundance—an exceedingly rare event.’ 


> 1987 Warner Lambert Company PARKE-DAVIS 


\ 


\ 





As rare as a seizure on Dilantin 
phenytoin 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without cognitive 
impairment at therapeutic drug levels 
(10 to 20 ug/mL),? often with once- 
daily therapy (Dilantin Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains the 
drug of first choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 
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DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS® 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
IMPORTANT NOTE 


This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
In neonates, the drug should be administered ata rate not exceeding 1-3 mg/kg/min. 





INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 

Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosace and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
in neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methads of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually. However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
the development of lymphadenopathy (local or generalized) including benign lymph node hyperpiasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness eg, fever, rash 
and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenyton and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic prebiems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor saizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heast mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently Deen 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, ortrimethadione. However these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly vetuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minutein adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be fcilowed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irmtation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivescular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to pherytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). lf the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Jonnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles~ike or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 


Dilantin 
phenytoin 


Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
“delirium” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar dysfunction. Accordingly, at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 
information for Patients: Oral: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical conditionin which itis not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic aicohol abuse, reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium sheuld be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproicacid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acd and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furcsemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of glucose, alxaline phosphatase, and 
gamma glutamyl transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis. 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Ora’: Infant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in humanmilk. 
ADVERSE REACTIONS: Parenteral: Thae most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurred speech, 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiaaine and other neuroleptic 
drugs 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

Integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) isthe most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoietic System: Parenteral and Oral: Hemopoietic complications, same fatal have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral: The lethal dose in children is not known. The lethal cose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoimplasma levels where toxicity may 
occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 mcg/mL has been 
reported without evidence of toxicity. As much as 25 times the therapeutic dose has beer taken to result ina serum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatmentof severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, snould be borne in mind. 
Caution — Federal law prohibits dispensing without prescription. 
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(bromompine mesylate) 


PARLODEL® 
(bromocriptine mesylate) tablets, USP 
(bromocriptine mesylate) capsules 


INDICATIONS AND USAGE 

Parkinson's Disease 

Parlodel (bromocriptine mesylate) tablets or capsules are indicated in the treatment 
of the signs and symptoms of idiopathic or postencephalitic Parkinson's disease. As 


adjunctive treatment to levodopa (alone or with a peripheral decarboxylase in- 


hibitor), Parlodel (bromocriptine mesylate) therapy may provide additional 
therapeutic benefits in those patients who are currently maintained on optimakdos- 
ages of levodopa, those who are beginning to deteriorate (develop tolerance) © 
levodopa therapy, and those who are experiencing “end of dose failure” on levedopa 
therapy. Parlodel. (bromocriptine mesylate) therapy may permit a reduction of ‘he 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/cr 
pouty of adverse reactions associated with long-term levodopa therapy such as ab- 
normal involuntary movements (e.g., dyskinesias ) and the marked swings in motor 
function ( “on-off” phenomenon). Continued efficacy of Parlodel (bromocriptiae 
mesylate) therapy during treatment of more than two years has not been establ shed. 


Data are insufficient to evaluate potential benefit from treating newly diagnosed 
Parkinson's disease with Parlodel (bromocriptine mesylate). Studies have shown, 
however, significantly more adverse reactions (notably nausea, hallucinations,con- 
fusion and hypotension) in Parlodel (bromocriptine mesylate) treated patientsthan 
in levodopa/carbidopa treated patients. Patients unresponsive to levodopa are Door 
candidates for Parlodel (bromocriptine mesylate) therapy. 


CONTRAINDICATIONS 
Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkabbids. 


WARNINGS 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been 
found in patients with pituitary tumors a complete evaluation of the pituitary isindi- 
cated before treatment with Parlodel (bromocriptine mesylate). 


If pregnancy occurs during Parlodel (bromocriptine mesylate) administration. care- 
Rilicbeervation of these patients is mandatory. Prolactin-secreting adenomas may 
expand and compression of the optic or other cranial nerves may occur, emergency 

ituitary surgery becoming necessary. In most cases, the compression resolves 
Ssllowing delivery. Reinitiation of Parlodel (bromocriptine mesylate) treatment has 
been reported to produce improvement in the visual fields of patients in whom 
nerve compression has occurred during pregnancy. The safety of Parlodel (bramo- 
criptine mesylate) treatment during pregnancy to the mother and fetus has notbeen 
established. 


Symptomatic hypotension can occur in patients treated with Parlodel (bromocrip- 
tine mesylate) for any indication. 


Long-term treatment (6-36 months) with Parlodel (bromocriptine mesylate) ir doses 
ranging from 20-100 mg/day has been associated with pulmonary infiltrates, plural 
effusion and thickening of the pleura in a few patients. In those instances in which 
Parlodel (bromocriptine mesylate) treatment was terminated, the changes slowly 
reverted towards normal. 


PRECAUTIONS 

General 

Safety and efficacy of Parlodel (bromocriptine mesylate) have not been established 
in patients with renal or hepatic disease. Care should be exercised when administer- 
ing Parlodel (bromocriptine mesylate ) therapy concomitantly with other med.:ca- 
tions known to lower blood pressure. 


Parkinson’s Disease 
Safety during long-term use for more than two years at the doses required for parkin- 
sonism has not been established. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 
therefore, caution should be exercised when treating patients receiving antihyper- 
tensive drugs. 


High doses of Parlodel (bromocriptine mesylate) may be associated with confusion 
and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel (bromocriptine mesylate ) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel (brormocrip- 
tine mesylate) is required. Rarely, after high doses, hallucinations have persisted for 
several weeks following discontinuation of Parlodel (bromocriptine mesylate. 


As with levodopa, caution should be exercised when administering Parlodel (Sromo- 
criptine mesylate) to patients with a history of myocardial infarction who havea re- 
sidual atrial, nodal, or ventricular arrhythmia. 


Retroperitoneal fibrosis has been reported in a few patientsreceiving long-term y 
therapy (2-10 years) with Parlodel® (bromocriptine mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel (bromocriptine 
mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
ticularly for patients treated with Parlodel (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended. 


ADVERSE REACTIONS 

Parkinson’s Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 
hypotension, shortness of breath, constipation, and vertigo 


Less common adverse reactions which may be encounterec include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema of the feet and ankles, erythro- 
melalgia, epileptiform seizure, fatigue, headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud's Syndrome. 


Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acic, which are usually tran- 
sient and not of clinical significance. 


DOSAGE AND ADMINISTRATION 

General 

Itis recommended that Parlodel (bromocriptine mesylate ybe taken with food. Pa- 
tients should be evaluated frequently during dose escalation to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson's Disease 

The basic principle of Parlodel (bromocriptine mesylate) therapy is to initiate treat- 
mentat a low dosage and, on an individual basis, increase the daily dosage slowly 
until amaximum therapeutic response is achieved. The dosage of levodopa during 
this introductory period should be maintained, if possible. The in:tial dose of 
Parlodel (bromocriptine mesylate) is one-half of a 22 mg tablet twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 2% mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (2/2 mg) increments. 


The safety of Parlodel (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOW SUPPLIED 

Tablets, 22mg 

Round, white, scored tablets, each containing 22 mg bromocriptine (as the mesy- 
late) in packages of 30 (NDC 0078-0017-15 ). Embossed “PARLODEL 21⁄2" on one side 
and scored on reverse side. 

Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg” on one half and “4” on other half. 


Store and Dispense 
Below 77° F; tight, light-resistant container. 
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Adverse reactions reported with PARLODEL ( bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 
tions, confusion and hypotension have been reported inpatients treated with 
PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
adjustments. 
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Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-cm 
(8% X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 

References.— List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references. References to journal articles 
should include (1) author(s), (2) title, (3) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, and (7) 
year. Volume and edition numbers, specific pages, and name of 
translator should be included when appropriate. The author is 
responsible for the accuracy and completeness of the references 
and for their correct text citation. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES. ) 

Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
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should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification anc stain should 
be provided when pertinent. Illustrations should preferably be in a 
proportion of 12.7 X 17.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 


Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 
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should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 


Statistical Review.—Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 


Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger size paper. If a table musz be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 
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research discussed in the manuscript (eg, employment consultan- 
cies, stock ownership). All such information will be held in 
confidence during the review process. Should the manuscript be 
accepted, the Chief Editor will discuss with the author the extent 
of disclosures appropriate for publication. 


AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


Proprietary Statement.—If the article discusses in any way a 
device, equipment, instrument, or drug, the author(s) must state 


in a footnote whether they do or do not have any commercial or - 


proprietary interest in the product. Likewise, they must reveal 
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interest owned by a spouse, minor child, blood-relative living in 
the same household, or known to be held by the author’s employer 
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2929 Race Street © Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
MARCH - AUGUST 1989 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with acvanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating roam to do 
their bonework per se in the time delineated:* 
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poral flap, 1 min. è B 
Bilateral frontal flap, 31⁄2 
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{ z. ¢ , v 
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| root problems # Un Bf, bugà STAN zjdown y fusions, 1-8 min. 


| BIOPLASTICSt: Methylmettiacrplate 
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— dissect, \ exe 
in situ, transect in situ, shape. 


BIOMETALS?: (Superalloys, Ti alloys, Stainless steels) Transect 
and shape in OR, 14 min.; in sita, 14 min. 


ise, shape * 





+Procedural times refer to the actual time of running the instrument. 


| Surgeons will be furnished sufficient materials and advice necessary for 


See any special procedure they may envision. Plastic, Craniofacial, Max- 


| illofacial, and ENT problems will be explored according to the individual 
wishes of the surgeons. 


>) CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 


| at 1:00 p.m., allowing for other activities in the afternoon and evening. 
CREDITS: Each of these conferences qualifies for AMA-CME credit. 

| FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 

| department head); All Operating Room Personnel (RN/ORT/PA/Other) — 


| US $250.00. Enroll by check and letter. All enrollments and fee payments 
are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 


“| of Neurosurgery. 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS”’ 
(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


PARK CITY, UT, MAR. 1-2-3. Cosponsored by The 
Department of Naro University of Cincinnati 
Medical Center, Mayfield Neurological Institute, The 

Christ and Good Samaritan Hospitals 


PHOENIX, AZ, MAR. 6-7-8. Cosponsored by Barrow 
Neurological Institute/St. Joseph’s Hospital and 
Medical Center. (Immediately precedes the Barrow 

Neurological Institute Symposium.) 


CLEARWATER BEACH, FL, MAR. 19-20-21. Co- 
sponsored by The University of South Florida College 
of Medicine, Division of Neurosurgery. 


WASHINGTON, DC, MAR. 30-31-APR. 1. Cospon- 
sored by George Washington University, Department 
(Immediately precedes the 
American Association of Neurological Surgeons 
meeting.) 

ORLANDO, FL, MAY 18-19-20. FOR OR PERSON- 
NEL ONLY. (Immediately precedes the National 
Association of Orthopaedic Nurses meeting.) 


TORONTO, ONT, CAN, MAY 25-26-27. 


CINCINNATI, OH, JUN. 21-22-23. Cosponsored by 
The Department of Neurosurgery University of Cin- 
cinnati Medical Center, Mayfield Neurological Insti- 
tute, The Christ and Good Samaritan Hospitals. 
DENVER, CO, JUL. 9-10-11. FOR OR PERSON- 
NEL ONLY. Cosponsored by the Association of Sur- 
gical Technologists. (Immediately precedes the Asso- 
cation of Surgical Technologists meeting.) 
CLEVELAND, OH, AUG. 9-10-11. Cosponsored by 
The Cleveland Clinic Foundation. 


HILTON HEAD ISLAND, SC, AUG. 13-14-15. Co- 
sponsored by the Hilton Head Island Neurosurgical 
Symposium, 1989. (Immediately precedes the Hilton 

Head Island Neurosurgical Symposium.) 


PERMANENT SITES 


Hands-on workshops are held weekly in the perma- 
nent facility locations listed below. For schedules of 
these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 
quest a complete calendar of hands-on workshops. 
DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 

NEW YORK CITY, 115 East 61st Street, Lower 
Level. 


THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 

CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 




















Join the more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,600 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,000 OR Personnel) 
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9-11 
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10-12 


13-18 


16-17 
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Arch “eursi—Vo! 46, February 1989 


CALENDAR OF MEETINGS 


Clinical Neurology for Psychiatrists, Disney World, Orlando, Fla. Contact Office of Continuing 
Medical Education, Montefiore Medical Center, 3301 Bainbridge Ave, Bronx, NY 10467; (212) 
920-6676. 

22nd Annual Recent Advances in Neurology, San Francisco. Contact Department of Neurology, 
University of California, San Francisco, CA 94143-0742; (415) 476-4251. 

International Epilepsy and Behavior Symposium, New Orleans. Contact Bonnie Becker, Interna- 
tional Epilepsy and Behavior Symposium, 1040 NW 22nd Ave, Suite 400, Portland, OR 97210: 
(503) 229-7721. 

The Practicing Physician's Approach to the Difficult Headache Patient, Wyndham ?alm Springs 
(Calif) Hotel. Contact Idell Applebaum, Diamond Headache Clinic, 5252 N Western Ave, Chicago, 
IL 60625; (312) 878-5558. 

12th Annual Meeting, American Society of Neuroimaging, Grosvenor Resort Hotel, Orlando, Fla. 
Contact American Society of Neuroimaging, 2221 University Ave SE, Suite 340, Minneapolis, MN 
55414; (612) 378-7240. 

Clinical Neurology for Psychiatrists, Holiday Inn-Fisherman’s Wharf, San Francisco. Contact 
Office of Continuing Medical Education, Montefiore Medical Center, 3301 Bainbridge Ave, Bronx, 
NY 10467; (212) 920-6676. 

Vitreous Surgery Course, Biscayne Bay Marriott Hotel and Marina, Miami. Contact Bascom Palmer 
Eye Institute, PO Box 015869, Miami, FL 33101; (305) 326-6099. 

Postconcussion Syndrome: Advances, Update, and Review, Caesars Palace, Las Vegas, Nev, 
sponsored by the Center for Neuro Skills and the Southern California Neuropsychiatric Institute. 
Contact Sherry Ryan, Southern California Neuropsychiatric Institute, 6794 La Jolla Blvd, La Jolla, 
CA 92037; (619) 454-2102. 

Eighth Annual Comprehensive Update: Body Imaging, Mammography, and Neuroradiology, 
Acapulco (Mexico) Princess Hotel, sponsored by Department of Radiology and Office of 
Continuing Education, State University of New York Health Science Center at Syracuse. Contact 
Office of Continuing Education, State University of New York Health Science Center at Syracuse, 
750 E Adams St, Syracuse, NY 13210; (315) 473-4606. 

Third Annual Magnetic Resonance Imaging Conference, Marriott's Camelback Inn Resort, 
Scottsdale, Ariz. Contact Kevin King, Education Coordinator, Barrow Neurological Institute, 350 W 
Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

1988 meeting of the North American Neuro-ophthalmology Society, Hotel Krystal Cancun 
(Mexico). Contact North American Neuro-ophthalmology Society, 302 Juniper Hill Rd NE, 
Albuquerque, NM 87122; (505) 293-2963. 

16th Annual Symposium, Barrow Neurological Institute, ‘Current Management of Central Nervous 
System Tumors.” Contact Toby Jardine, Manager, Barrow Neurological Institute, 350 W Thomas 
Rd, Phoenix, AZ 85013; (602) 285-3178 or 1-800-BARROW-1. 

46th Annual Meeting, American Psychosomatic Society, Ramada Renaissance Hotel, San 
Francisco. Contact American Psychosomatic Society, 6728 Old McLean Village Dr, McLean, VA 
22101; (703) 556-9222. 

“Brain Insults in Infants and Children: Diagnosis and Modern Management,” Holiday Inn at the 
Embarcadero, San Diego. Contact Cass Jones, Meeting Management, 3770 Tansy S+, San Diego, 
CA 92121; (619) 453-6222. 

International Pediatric Epilepsy Surgery Symposium, Coral Gables, Fla. Contact Michael S. 
Duchowny, MD, Miami Children’s Hospital, 6125 SW 31st St, Miami, FL 33155; (305) 
662-8330. 

Clinical Neurology for Psychiatrists, Equitable Tower Auditorium, San Francisco. Contact Office of 
Continuing Medical Education, Montefiore Medical Center, 3301 Bainbridge Ave Bronx, NY 
10467; (202) 920-6676. 

“Neurology in the 1990’s,’’ Marriott Cambridge (Mass). Contact Dr Neil W. Kowall, Neurology 
Service, Massachusetts General Hospital, 32 Fruit St, Boston, MA 02114; (617) 726-3786. 
“Dementia and Communication: Research and Clinical Implications,” State University of New York 
at Buffalo. Contact Rosemary Lubinski, EdD, 115 Park Hall, State University of New York at 
Buffalo, Amherst, NY 14260; (716) 636-3400. 

Regional Congress of the World Federation of Societies of Biological Psychiatry, “Biological 
Aspects of Nonpsychotic Disorders,’’ Laromme Hotel, Jerusalem. Contact Professor R. H. 
Belmaker, Chairman, PO Box 983, Jerusalem 91009, Israel. 

23rd Comprehensive Review Course in Physical Medicine and Rehabilitation, Houston Marriott 
Medical Center, sponsored by Department of Physical Medicine, Baylor College of Medicine. 
Contact Tamar C. Greiner, Program Coordinator, Office of Continuing Education, Baylor College of 
Medicine, One Baylor Plaza, Houston, TX 77030; (713) 798-6020. 
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HOW TO AVOID 
BIG HEADACHES 
IN YOUR PRACTICE 








For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than it's worth—especially when prophylaxis is so easy. 


Important advantages over 
abortive therapies 


In a recent survey’ of 4,120 physicians who have tried INDERAL LA 
for common-migraine prophylaxis, 98% of physicians mentioned 
the improved quality of life INDERAL LA affords their patients. 

Most also expressed concern about the shortcomings of abortive 
treatments—lack of sufficient contro! (90%), side effects (84%), 
and potential for addiction (78%). 


The one to start with to 
prevent common migraine 


In the survey, eight out of ten physicians rated INDERAL LA good 
to excellent in reducing both frequency and severity of migraine 
attacks. And, based on their experience, 91% of these doctors 
now consider INDERAL LA their prophylactic preference in 
migraine. Evaluate it in your patients and see for yourself. 
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INDERAL® LA should not be used in the presence of 


congestve heart failure, sinus bradycardia, cardiogenic shock, 
heart block greater than first degree, and bronchial asthma. ERI 


Please see next page for brief summary of prescribing information 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. |NDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. |NDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic rocopior mmi Sne for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasc- 
dilator responses to beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HC! at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the rg are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
operon, resulting from the slower rate of adsorption of propranolol. Over a twenty-four (24) 

nd period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
tially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
Porron or angina where there is little correlation between plasma levels and clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: |NDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the managemert of 


hypertensive emergencies. 
Due to Atherosclerosis: |NDERAL LA is indicated for the 


long-term Sloclre gating of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
Thee scat of propranolol in the treatment of a migraine attack that has started has not been 
and propranolol is not indicated for such use. 

: INDERAL LA is useful in the management of hyper- 
trophic subaortic stenosis, ata a treatment of exertional or other stress-induced 
angina, palpitations, and syncope: INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 

block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade hs precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
one. oo ener blocking agents do not abolish the inotropic action of digitalis on 
art muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics. and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbatior of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL diri is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications 








ONCE-DAILY 











NDE 
(PROPRANOLOL HOI 


LONG ACTING CAPSULES 














Nonallergic shapes (eg, chronic bronchitis, — PATIENTS 
WITH BRONCHOSPASTI DISEASES SHOULD IN GENERA NOT RESEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 


produced by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however. that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a nes inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension. 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
w bypaglycemia, but other manifestations such as dizziness and sweating may ^ot be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the oon of blood glucose to normal levels. 

THYROTOXICOSIS; Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propr may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests. 
py T4 and reverse T3, and Son ek 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
Saung a demand pacemaker. In one case, this resulted after an initial dose o° 5 mg 
propranolol, 


PRECAUTIONS. GENERAL: ropan should be used with caution in patients with im- 
parec hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies. 


RAL LA 


Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test Withdrawal may lead toa 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. x 

Caution should be exercised when patients receiving a beta biocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil. for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted imserious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol 

Phenytoin, phenobarbitone, and rifampin accelerate propranolc! clearance. 

Chlorpromazine, when used concomitantly with propranolol, results ir increased plasma 
leve's of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol. 

Thyroxine may result in a lower than expected T4 concentration when used concomitantly 
with propranolol. ri 

Cimetidine decreases the hepatic metabolism of propranolo! delay ng elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. i 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no i oo hen ais tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. ; 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential nsk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman 

PEDIATRIC USE: Safety and effectiveness in children have notibeen established. 


ADVERSE REACTIONS. Most adverse effects have been mild and trarsient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block: hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue, reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivid 
dreams appear dose related. 

Gastrointestinal: Naus2a, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 
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Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Satie o extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutanecus reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Cas care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple ma-for-ma substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, Er tage to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS— Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-déy intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina Dectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established 
> y irei is to be discontinued, reduce dosage gradually over a period of a few weeks (see 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. lf a satisfactory response is not 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy should 
be econer It may be advisable to withdraw the drug gradually over a period of several 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug ir this age group are too 
limited to permit adequate directions for use. 

"The appearance of these capsules is a registered trademark of Ayerst Laboratories. 


120mg 160mg 





Reference: 
1. Data on file, Ayerst Laboratories. 
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Philadelphia, PA 19101 
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MIDAS REX® INSTITUTE 
HANDS-ON WORKSHOPS* 


625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
NEJROSURGICAL SYMPOSIA (NEURO 700) Also Plastic, ENT, Craniofacial, Maxiliofacial, etc. OR PERSONNEL SYMPOSIA (ORP 700) 
MARCH 1514-15 JUNE 56-7 © 19-20-21 Symposia for OR Personnel only: 


SPRIL 17-68-19 JULY 6-7-8 © 17-18-19 © 27-28-29 JUNE 12-13-14 rd 
MAY 1-23 -= 1516-17 © 25-25-27 AUGUST 14-15-16 © 28-29-30 AUGUST 3-45 : 


















, The workshops are held each day from 7:00 a.m. to 1:00 p.m. They will emphasize a series of 
structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals. 


NEUROSURCEONS—dissection skills for bonework of the cranium and spine, including attention to bioplastics and € 
biometals applicable to neurosurgery. =f 


OR PERSONPEL—dissection skills to become familiar with the applications of power instrumentation; dis- 
cussion o° and participation in problem solving, care, and proper maintenance of power equipment. 
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I e ianeyiand, Knott's Berry Farm with 165 attractions and rides, Movieland, 
Paci‘ic Amphitheatre which is Orange County’s outdoor theater. Other convenient attractions 
are'NBC Studds, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the 

beaches which are 20 minutes away. 
SPECTATOR ©PORTS—Baseball with the Califomia angen: football with the 
at) ats Rams, and horse racing at Los Alamitos and Santa Anita. i 
PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport = 
ae taal ccfishing off the Califom a coastline, 
=O@D—5,000 ~estaurants in nge County are serving everything from 
Cortinenzal tc ethnic cuisine. Fi he of_the restaurants have re- 
ceived the Southern California Restaurant Writers award. 


, Fee (US$): Surgeon $965.00; Resident $585.00 (with 2 
rtment Head); All Operating Room Personnel (RN/ORT/ = 

20. Mee check to “Los Angeles/Anaheim Symposium.” 
: Midas Bex Institute, 2929 Race Street, Fort Worth, Texas 76111. 


Fhone: 800-433-7639 or 817-831-2604. 
*Joim the more than 7,000 enrollees who have completed Midas 


Rex Hancs-On Workshops. oe Orthopaedic Surgeons; 1,450 
2urosurgeons; 2,000 OR Personnel) 
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3RD ANNUAL 
OKLAHOMA NEURO-OPHTHALMOLOGY COURSE 


THE ORBIT 


Presented by the University of Oklahoma and the Dean A. McGee Eye Institute 


GUEST FACJLTY: The Orbit Course will be CLINICAL PROBLEMS TO BE 
Milton Boniek. MD. followed by the 13th ANNUAL | DISCUSSED: 
Cullen ett RESIDENTS AND ALUMNI fo Orbital 
Baylor Colge of Medicine MEETING, University of re ee rey aa ta 
; Oklahoma, Department of Disease 
Eradiey K. Farris, M.D. ; ayy! 
Dean A. MeGee Eye Institute Ophthalmology, Orbital Neuroimaging 


Unversity cf Oklahoma het toy Sasi Clinicopathological Features 
Barrett Haik, M.D. Tuition included in course fee if of Orbital Disease 

TUlane-Meeical School attending both. 

New Orlears, Louisiana For more information and 
Robert Quercer, M.D. registration, contact: Neuroimaging of the Antericr 

University € Miami School Office of Continuing Medical Visual Pathways 


Thyroid Eye Disease 


o Medicine Education fhe: , 
Miami, Florida P.O. Box 26901 Pediatric Orbital Tumors 


3SP511 Adult Orbital Tumors and Treir 
Oklahoma City, Oklahoma 73190 Management 


June 2, 1989 
THE WATERFORD HOTEL 
Oklahoma City, Oklahoma ea oe hasbeen 
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Books 


Microneurosurgery, vol IIIA, by M. Gazi Yasar- 
gil, 432 pp, $190, New York, Thieme-Stratton Inc, 
1987. 

This volume by Yasargil, with con- 
tributions by other experts in the 
fields of embryology and anatomy of 
the cerebral vasculature, is one of a 
series of works on microneurosurgery. 
The goal of this volume (IIIA) is to 
present data, based on a critical 
review of the literature as well as the 
author’s extensive clinical experience, 
that will allow a better understanding 
and, hence, better treatment of intra- 
cranial arteriovenous malformations 
(AVMs). Specific surgical techniques 
are to be discussed in the next pub- 
lished book (IIIB) in the series. The 
general topics covered in this volume 
include the historical aspects of the 
diagnosis and treatment of AVMs. In 
addition, embryologic, pathologic, and 
hemodynamic aspects of AVMs are 
presented. The diagnostic modalities 
used to identify and plan treatment of 
these lesions are discussed and pro- 
fusely illustrated. The last sections of 
the book deal with attempts at gain- 
ing a better understanding of the 
microsurgical anatomy of the blood 
vessels, fissures, and sulci of the 
brain. 

It is difficult to say enough good 
things about this superlative work. It 
is cohesive and uniformly excellent in 
its approach, a manifestation of pri- 
marily single authorship by one of the 
world’s most talented and thoughtful 
neurosurgeons. The quality of the 
illustrations and radiologic reproduc- 
tions is excellent. The text of the 
chapters takes the reader through the 
extensive, and often contradictory, lit- 
erature dealing with the diagnosis 
and treatment of AVMs. Added to this 
literature review is the author’s 
insight into the detailed anatomy of 
the many variations presented by 
cerebral AVMs. Understanding the 
issues of embryogenesis and the 
detailed contributions of compart- 
mentalized fistulas and more diffuse 
components of the AVM is an impor- 
tant step for the surgeon embarking 
on the evaluation and treatment of 
these perverse abnormalities of the 
cerebral vasculature. The relationship 
of the AVM to the brain fissures and 
sulci is repeatedly emphasized and 
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illustrated, forcing the reader to 
rethink potential surgical approaches 
for AVM removal. The problems of 
autoregulation, altered vascular com- 
pliance, steal phenomena, and the 
potential difficulties encountered 
with “normal perfusion pressure 
breakthrough” are presented and dis- 
cussed from the author’s perspective. 
Detailed descriptions of the macro- 
and micro-cerebral vasculature are 
presented and correlated with the 
radiologic evaluation of the pathologic 
vessels contributing to AVMs. The 
problem of defining the principles of 
sulcal organization are approached at 
the end of this volume, and serve to 
highlight an area that is in need of 
further investigation if less damaging 
and more successful surgical attacks 
on AVMs are to be undertaken. 

This book will be a classic dealing 
with the problems presented by cere- 
bral AVMs, and should be read in 
detail by those who wish to treat 


patients with these lesions. 
C. J. HODGE, MD 
Syracuse, NY 


Subarachnoid Haemorrhage, by R. P. Sengupta 
and V. L. McAllister, 378 pp, with illus, $135, New 
York, Springer-Verlag NY Inc, 1987. 

Few problems demand more of the 
neurologist than the care of a patient 
who has suffered a subarachnoid 
hemorrhage. Most books on this sub- 
ject concentrate on surgical manage- 
ment. This volume deals extensively 
with the pathophysiology of the hem- 
orrhage and its effects on the brain 
and with the complete clinical man- 
agement of the patient. 

These areas are covered in-depth, 
and the discussions are extensive 
enough to include specific recommen- 
dations for treating the patient who is 
seen in the emergency room and, lat- 
er, in the hospital. 

The chapter on differential diagno- 
sis, while brief, is exceptionally inter- 
esting and, like all of the chapters, has 
an extensive bibliography. 

The discussion of the various diag- 
nostic modalities is thorough and 
illustrated very well. The illustrations 
of the arteriograms are numerous and 
are described accurately in the leg- 
ends. They correlate well with the 
text. 


Dr Sengupta has established an 
enviable record in operating on these 
patients. The rationale of surgery, 
how to select patients for it, and the 
variations in symptomatology, as well 
as in factors that can influence out- 
come, such as multiple hemorrhages, 
unusual sites of bleeding, hyperten- 
sion, patient age, and the presence or 
absence of intracranial hematomas or 
coma, are all considered in his chap- 
ters on operative management. An 
important discussion of the anesthetic 
techniques used in his clinic is pre- 
sented, as is a detailed discussion of 
technical maneuvers employed in clip- 
ping the aneurysms and excising vas- 
cular malformations. 

This book has been designed so that 
it is comfortable to hold and pleasant 
to read. Based on extensive clinical 
experience, this boek is an excellent, 
comprehensive, and well-thought-out 
guide to the management of a difficult 


neurologic problem. 
JOSEPH V. MCDONALD, MD 
Rochester, NY 


The Management of Motor Neuron Disease, 
edited by G. M. Cochrane, 104 pp, $9, New York, 
Churchill Livingstone Inc, 1987. 

This book provides a succinct com- 
passionate approach to the manage- 
ment of motor neuron disease (amyo- 
trophic lateral sclerosis). Chapter 1 
describes the disease and chapter 2 
focuses on the diagnosis and progno- 
sis. The remaining four chapters 
review the treatments of specific 
problems arising in the course of the 
disorder. Supportive and symptomatic 
therapies for dysphagia, dysarthria, 
and various motor deficits are dis- 
cussed. The role of health profession- 
als, including physicians, therapists, 
nurses, social workers, orthotists, and 
other members of the health care 
team, are summarized. This book is 
useful to health care professionals 
who deal with patients with motor 
neuron disease, and also to patients 
who are afflicted with this disorder 
and their families. Since many refer- 
ences are made to specific organiza- 
tions and benefits available in Great 
Britain, this book is particularly valu- 


able there. 
WILLIAM KINGSTON, MD 
Rochester, NY 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Distinguishing and Improving 
Dysarthria due to Facial Weakness 


To the Ed#or.—An impairment of 
speech productiom can accompany a 
lesicn of the seventh cranial nerve, 
progucing paresis of facial muscles. 
The patients may become aware of 
ther difficulties in speech production, 
parcuicularly during telephone conver- 
satiens when they may have to repeat 
themselves several times to be under- 
stood. The dysarthria is also apparent 
to the examining physician, raising 
the possibility that a brain-stem 
lesiea is the eause ef the speech disor- 
der with the facial paresis being a 
separate manifestation of the central 
pathelogy. Several years ago, one of 
my patients with Bell’s palsy and 
speech impairmert showed me a 
metmod for transiertly alleviating the 
Gysarthrea that has stood the test of 
time as a means fcr assuring myself 
that the patient’s speech production 
problems were due zo weakness of the 
perieral ‘acial muscles and not to a 
disomier of central processes govern- 
ing =peech produczion. The patient 


Te show meneuver for improving dysarthria in 
facialaresis. 
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placed the index finger approximately 
1 cm above the corner of the upper lip 
on the weakened side of the face and 
gently pushed upward to elevate the 
corner of the mouth (Figure). There 
was an immediate clarification of the 
patient’s pronunciation as the corner 
of the mouth was elevated. The effects 
were most evident on those consonant 
sounds requiring precise lip move- 
ments (ie, labial sounds such as “pa” 
and “ba,” for instance). Speech pro- 
duction again deteriorated when the 
upward pressure on the face was 
removed. 

I have used this method as a rapid 
clinical test to distinguish whether 
dysarthria is due to facial muscle 
weakness. Clinical judgment is, of 
course, also required to define wheth- 
er the facial weakness is due to a 
central nervous system or a peripher- 
al process. Furthermore, patients are 
delighted to have a simple means for 
improving the quality of their speech 
production that can easily be inte- 
grated into a natural posture of plac- 
ing the elbow on a table or arm of a 
chair, supporting the chin in the palm 
of the hand, and elevating the corner 
of the upper lip with the index finger. 
The pose is reminiscent of Rodin’s The 
Thinker, providing an aesthetic pose 


for this therapeutic maneuver. 
ARNOLD STARR, MD 
Department of Neurology 
University of California at Irvine, 
College of Medicine 
Irvine, CA 92717 


The letter is reprinted because “Roman 
numeral VII” was erroneously changed to 
“eighth” in the text.—Eb. 


Lyme Borreliosis: Discovery of the 
Causative Agent 


To the Editor.—I would like to com- 
ment on the article by Finkel' in the 
January 1988 issue of the ARCHIVES. 
The overview is a valuable addition to 
the rapidly growing literature on this 
subject. Unfortunately, it omits the 
discovery of the causative agent and 


the seminal article m which it was 
described. 

In September 1981, Burgdorfer rec- 
ognized a spirochete in the mid-gut 
tissues of the deer tick, Ixodes dam- 
mint, from Shelter Island, NY. The 
finding was serendipitous since he 
was searching for Rickettsia riekett- 
sii, the agent of Rocky Mountain 
spotted fever.™ Sporadic cases of that 
illness had occurred in that region. 
Subsequently, serum samples of 
patients with Lyme disease were 
found to contain antibodies to that 
spirochete, the organism was isolated 
from the blood of two patients, and it 
was demonstrated in characteristic 
skin lesions.*® The discovery in the 
European tick vector, Ixodes ricinus, 
of spirochetes indistinguishable from 
those in J dammini was made in the 
spring of 1982.’ 

Burgdorfer’s finding underscores 
the importance of a prepared mind in 
scientific discovery. Because of his 
long experience with Borrelia-bearing 
ticks and his interest in Lyme disease 
and erythema chronicum migrans, the 
association was made. Medicine has 
already been greatly benefited by that 
discovery. Future benefits are likely 


to be even greater. 
PAUL E. Lavare, MD 
Pacific Presbyterian Medical Center 
2100 Webster, Su te 112 
San Francisco, CA 94115 


1. Finkel MF: Lyme disease and its neurologic 
complications. Arch Neurol 1988;45:99-104. 

2. Burgdorfer W, Barbour AG, Hayes SF, et al: 
Lyme disease: A tick-borne spirochetosis? Sci- 
ence 1982;216:1317-1319. 

3. Burgdorfer W: Discovery of the Lyme dis- 
ease spirochete: A historical review. Zentralbl 
Bakteriol Mikrobiol Hyg A 1986;263:7-10. 

4. Steere AC, Grodzicki RL, Kornblatt AN, et 
al: The spirochetal etiology of Lyme disease. N 
Engl J Med 1983;308:733-740. 

5. Benach JL, Bosler EM, Hanrahan JP, et al: 
Spirochetes isolated from the blood of two 
patients with Lyme disease. N Engl J Med ¥983; 
308:740-742. 

6. Berger WB, Clemmensen OJ, Ackerman AB: 
Lyme disease is a spirochetosis: A review of the 
disease and evidence for its cause. Am J Derma- 
topathol 1983;5:111-124. 

7. Burgdorfer W, Barbour AG, Hayes SF, et al: 
Erythema chronicum migrans: A tickborne spi- 
rochetosis. Acta Tropica 1983;40:79-83. 
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Three-way relief 
of tension headache 


1. Alleviates headache pain 
2. Reduces anxiety 


3. Relieves muscle tension 


FIORIGET 


(Each tablet contains: butalbital 50 mg [Warning: May be habit-forming]; acetaminophen 325 me; and caffeme 40 mg) 


ASPIRIN-FREE TABLETS 


Relieves the entire pain/anxiety/tension syndrome 





For full prescribing information, please see following page. 


SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 
© 1988 Sandoz Pharmaceuticals Corporation FCT-988-1A 


FIORICET) 


(Each tablet contains: butalbital 50 mg [Warning: May be habit- 
forming]; acetaminophen 325 mg; and caffeine 40 mg) 


ASPIRIN-FREE TABLETS 





DESCRIPTION 

Each Fioricet® tablet for oral administration contains: butalbital, USP. 50 mg (Warning: May be habit forming), acetaminophen, JSP, 
325 mg; caffeine, USP, 40 mg. 

Butalbital, 5-allyl-5-isobutyl-barbituric acid, a white odorless crystalline powder, is a short- to intermediate-acting barbiturate. Its moiesular 
weight is 224.26 and its empirical formula is CyHyN.O; 

Active Ingredients: acetaminophen, USP. butalbital, USP. and caffeine, USP 

Inactive Ingredients: crospovidone, FD&C Blue #1, magnesium stearate, microcrystalline cellulose, povidone, pregelalinized starch, 
and stearic acid 


ACTIONS 
Pharmacologically, Fioricet® combines the analgesic properties of acetaminophen-cafleine with the anxiolytic and muscle reiaxant 
properties of butalbital. 


Fioricet® is indicated for the relief of the symptom complex of tension (or muscle contraction) headache 
Hypersensitivity to acetaminophen, caffeine or barbiturates. Patients with porphyria 


PRECAUTIONS 
General: Barbiturates should be administered with caution, if at all, to patients who are mentally depressed, have suicidal tendencies, 
or a history of drug abuse 
Elderly or debilitated patients may react to barbiturates with marked excitement, depression, and confusion. In some persons, barbiturates 
repeatedly produce excitement rather than depression 
information for the Patient: Practitioners should give the following information and instructions to patients recewing barbiturates 
1. The use of barbiturates carries with it an associated risk of psychological and/or physical dependence. The patient should be warned 
. against increasing the dose of the drug without consulting a physician 
2. Barbiturates may impair mental and/or physical abilities required for the performance ol potentially hazardous tasks (e.g, Crving, 
_ operating machinery, etc.) 
3. Alcohol should not be consumed while taking barbiturates. Concurrent use of the barbiturates with other CNS depressants (e.g. 
alcohol, narcotics, tranquilizers, and antihistamines) may result in additional CNS depressant effects 
Drug Interactions: Patients receiving narcotic analgesics, antipsychotics, antianxiety agents, or other CNS depressants (including alcohol) 
concomitantly with Fioricet® may exhibit additive CNS depressant effects 


Drugs Effect 


Butalbital w/coumarin anticoagulants Decreased effect of anticoagulant because of increased metabolism resulting from enryme 
induction 
Butalbital w/tnicyclic antidepressants Decreased blood levels of the antidepressant 

in Pregnancy: Adequate studies have not been performed in animals to determine whether this drug affects fertility n males 
or females, has teratogenic potential or has other adverse effects on the fetus. There are no well-controlled studies in pregnant wemen 
Although there is no clearly defined risk, one cannot exclude the possibility of infrequent or subtle damage to the human fetus Feacet® 
should be used in pregnant women only when clearly needed 

Mothers: The effects of Fioricet® on infants of nursing mothers are not known. Barbiturates are excreted in the breast milk 

of nursing mothers. The serum levels in infants are believed to be insignificant with therapeutic doses administered to the mother 
Pediatric Use: Safety and effectiveness in children below the age of 12 have not been established 


ADVERSE REACTIONS 

The most frequent adverse reactions are drowsiness anc dizziness. Less frequent adverse reactions are light-headedness and 
gastrointestinal disturbances including nausea, vomiting, and flatulence. Mental contusion or depression can occur due to intolerance 
or overdosage of butalbital 


DRUG ABUSE AND DEPENDENCE 

Prolonged use of barbiturates can produce drug dependence, characterized by psychic dependence and tolerance. The abuse ‘ability 
of Fioricet® is similar to that of other barbiturate-containing drug combinations. Caution should be exercised when prescribing meccalion 
for patients with a known propensity for taking excessive quantities of drugs, which is not uncommon in patients with chronic tension 
headache 


The toxic effects of acute overdosage of Fioricet® are alfributable mainly to its barbiturate component, and, to a lesser extent 
acetaminophen. Because toxic effects of caffeine occur in very high dosages only, the possibility of significant caffeine toxicity from 
Fioricet® overdosage is unlikely 
Barbiturate Poisoning 
Symptoms: Drowsiness, confusion, coma, respiratory depression, hypotension, shock 
Treatment 
t Maintenance of an adequate airway, with assisted respiration and oxygen administration as necessary 
2. Monitoring of vitai signs and fluid balance 
3. If the patient is conscious and has not lost the gag reflex, emesis may be induced with ipecac. Care should be taken to prevent 

pulmonary aspiration of vomitus. After completion of vomiting, 30 grams activated charcoal in a glass of water may be administered 
4. If emesis is contraindicated, gastric lavage may be performed with a cuffed endotracheal tube in place with the patient in the face- 

Gown position. Activated charcoal may be left in the emptied stomach and a saline cathartic administered 
5. Fluid therapy and other standard treatment for shock, if needed 
6. If renal function is normal, forced diuresis may aid in the elimination of the barbiturate. Alkalinization of the urine increases renal 

excretion of some barbiturates, especially phenobarbital 
7. Although not recommended as a routine procedure, hemodialysis may be used in severe barbiturate intoxications or if the-watient 

i$ anuric or in Shock 
Poisoning 

Symptoms: Acetaminophen in massive overdosage may cause hepatic toxicity in some patients. In cases of suspected everdose, 
yOu May wish to call your regional poison center for assistance in diagnosis and for directions in the use of N-acetyicysieme as an 
antidote 

In adults, hepatic toxicity has rarely been reported with acute overdoses of less than 10 grams and fatalities with less than *Segrams. 
Importantly, young children seem to be more resistant than adults to the hepatotoxic effect of an acetaminophen overdose. 

symptoms following a potentially hepatotoxic overdose may include: nausea, vomiting, diaphoresis and genera malaise. 
Clinical and laboratory evidence of hepatic toxicity may not be apparent until 48 to 72 hours post-ingestion 

Treatment The stomach should be emptied promptly by lavage or by induction of emesis with syrup of ipecac. Patients’ esumates 
of the quantity of a drug ingested are notoriously unreliable. Therefore, if an acetaminophen overdose is suspected, a serum acetaminophen 
assay should be obtained as early as possible, but no sooner than four hours following ingestion. Liver function studies should be 
obtained initially and repeated al 24-hour intervals 

The antidote, N-acetylcysteine, should be administered as early as possible, preferably within 16 hours of the overdose ingestion 
for-optimal results, but in any case, within 24 hours. Following recovery there are no residual, structural or functional hepatic abnermalities 
DOSAGE AND ADMINISTRATION 
Oral: One or two tablets every four hours as needed. Do not exceed 6 tablets per day 
HOW SUPPLIED 

Light-blue, round compressed tablet, embossed “FIORICET” and “ Â- on one side, three-head profile ` D "on other side 
Bottles of 100 (NDC 0078-0084-05), 500 (NDC 0078-0084-08) and 1000 (NDC 0078-0084-09) 

SandoPak® (unit-dose} packages of 100, 10 blister strips of 10 tablets (NDC 0078-0084-06) 
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DISORDERS AND STROKE 


POSITION FOR RESEARCH CLINICAL 
NEUROPHYSIOLOGIST 
AVAILABLE AT THE NATIONAL INSTITUTES 
OF HEALTH, U.S. PUBLIC HEALTH SERVICE 


The Human Motor Control Section in the Medical 
Neurology Branch, at the National Institute of 
Neurological Disorders and Stroke (NINDS) has an 
opening for a full time, permanent position in the 
Government. We would expect this person to be a 
Neurologist with experience in performing a variety of 
neurophysiological techniques including: (a) 
noninvasive mapping of body part representations in 
the human motor and sensory cortex using 
somatosensory evoked potentials, (b) noninvasive 
mapping of different body part representations in the 
human motor cortex using transcranial electrical and 
magnetic stimulation, (c) use of specialized 
electromyographic techniques for tre study of 
movement disorders (including kinesiologic 
electromyography and reflex studies such as reciprocal 
inhibition and excitability recovery curves). Experience 
in using botulinum toxin for the treatment of focal 
dystonias is desirable. 


We are looking for an individual who works well with 
others and who has shown leadership skills in 
supervising and training research fellows and 
technicians. The individual should be familiar with 
treatment of patients with Movement Disorders. 


Candidates must be U.S. citizens. Stipends begin at 
$48 K, but may be adjusted depending on the 
candidate's postdoctoral experience. Candidates are 
eligible for Physician Comparability Allowance that can 
range from $6,000 to $13,000. Appointments would be 
as Medical Officer. 


The NINDS is located at the Nationa! Institutes of 
Health in Bethesda, Maryland. If you have an interest in 
this position, please send an Application for Federal 
Employment (SF-171), a letter describing yourself and 
include a statement of scientific and/or clinical interests, 
a resume, and three letters of reference to : 


Attention: HMC Position c/o Mark Hallett, M.D. 
Human Motor Control Section 


Medical Neurology Branch-NINDS-NIH pL Ng), 
Building 10, Room 5N226 2 KA 
9000 Rockville Pike 2 ZS D 
Bethesda, Maryland 20892 Or EP 


Phone: (301) 496-1561. 
For further information and qualification requirements 
contact Janet Clagett, NINDS Personnel Office (301) 
496- 6334. 
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Original Contributions 


Neurobsychological and Neurological Function of 
Humaan Immunodeficiency Virus Seropositive 
Asymptomatic Individuals 


Katherine E. &oethe. PhD; James E. Mitchell, PhD; Douglas W. Marshall, MD; Robin L. Brey, MD; 
William 7. Caaill, MD; G. Douglas Leger; Leslie J. Hoy; R. Neal Boswell, MD 


è Altheugh individuals wth acquired 
immunodeficiency syndrome (AIDS) are 
often imeairee on a variety of neuropsy- 
chologica! tasxs, questions remain as to 
whee neuropsychological decline can be 
reliably Getected during the course of 
humen immumodeficiency virus (HIV) 
infection. Dezailed neuropsychological 
testing was aeeomplished on a cohort of 
83 immunologically and neurologically 
intact aswmpte matic HIV-infected individ- 
uals drawn fram a larger pool of 649 US 
Air Force personnel with HIV antibodies. 
These asymptematic subjects were com- 
pared with a «roup ef HIV-negative sub- 
jects, ans no significant differences in 
neuropsychoiagical functioning were 
found. Ne significant neuropsychological 
differences were found as a function of 
cerebrospinal luid abnormalizies in these 
asymptomatic subjects. When data from 
13 subjects with immune compromise 
were included n the analyses, those with 
abnormal cere=rospinal fluid values per- 
formed significantly poorer cn a task of 
verbal memory suggesting that cognitive 
dysfunction is antedeted by immunologi- 
cal decline. Me=hodological problems that 
inhibē specification of the incidence, 
prevaience, amd natural history of HIV- 
related cognitive impairment are dis- 
cussed, as are tata suggesting that previ- 
ously publishee high estimates of the fre- 
quency of HiV-elatec dementia may not 
be representatve of all HIV-infected pop- 
ulations. 

(Asch Neuro. 1989;46:129-733) 
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ndividuals with acquired immuno- 

deficiency syndrome (AIDS) are 
often impaired on a variety of neuro- 
psychological tasks requiring motor 
control, concentration, abstraction, 
problem solving, and visuospatial 
skills.'°> Although such dysfunction 
may stem from opportunistic infec- 
tions and malignant neoplasms that 
develop as a result of immunosuppres- 
sion, recent evidence suggests that a 
progressively dementing encephalop- 
athy may develop from direct human 
immunodeficiency virus (HIV) infec- 
tion of the brain.*’ The point at which 
the dementing illness first becomes 
clinically apparent in the course of the 
immunological decline is unknown as 
is the degree of neurological impair- 
ment across the spectrum of HIV 
infection. Hypotheses about the pro- 
gression of HIV brain infection from 
initial involvement to end-stage dis- 
ease have led to speculation that cog- 
nitive dysfunction may exist in 
asymptomatic HIV-positive persons 
without AIDS-related complex (ARC) 
or AIDS.'? Our study employs a cross- 
sectional design to examine the preva- 
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lence of neuropsychological impair- 
ment in asymptomatic HIV-infected - 
patients compared with HIV-negative 
controls and tc determine if differ- 
ences in cognitive functioning are 
related to abnormal cerebrospinal flu- 
id (CSF) values. Data were obtained 
through a prospective study of US Air 
Force (USAF) versonnel who tested 
positive for antibodies against HIV. 
Detailed neurological and neuropsy- 
chological testing were accomplished 
to evaluate the central nervous sys- 
tem (CNS) effeets of HIV infection, 
especially early in the disease before 
significant immunological failure. 


PATIENTS AND METHODS 
Patients 


The patient population, neurological, 
and immunological evaluation are de- 
scribed elsewhere.’ All patients were 
active-duty USAF personnel admitted to 
Wilford Hall USAF Medical Center, Lack- 
land Air Force Base, Tex, for evaluation 
after testing positive for antibodies 
against HIV by enzyme immunoassay and 
then confirmed by Western blot testing 
showing at least two of the following 
bands: p24, gp41, gp120/160. During the 
extensive evaluation at Wilford Hall 
USAF Medical Center, all patients were 
staged according to the Walter Reed (WR) 
classification system for HIV infection’ 
(Table 1). The primary analyses in this 
study were based on a total of 114 subjects, 
67 of whom were classified as WR 1, 16 as 
WR 2, six as WR 3, two as WR 4, five as 
WR 5, and 18 as HIV-negative controls. 
The HIV-infected subjects receiving neu- 
ropsychological testing were part of a larg- 
er pool of 649 subjects, the distribution of 
which, as of Dec 21, 1987, was as follows: 
383 WR 1, 137 WR 2, 39 WR 3, 19 WR 4, 26 
WR 5, and 45 WE 6. Three hundred five 
subjects of this larger pool also underwent 
a complete standardized neurological eval- 
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*HIV indicates human immunodeficiency virus. Plus indicates present; minus, absent; and plus-minus, 
sometimes present sometimes absent. 

tTwo or more extrainguinal regions. 

Clinical oral candidiasis. 

§Two or more antigens evoking an enduration of 5 mm or greater. 


uation by a diplomate of the American 
Board of Psychiatry and Neurology 
(D.W.M., R.L.B., and W.T.C), including 
assessment with the Folstein et al? Mini- 
Mental State examination. Table 2 
presents the mean scores, ranges, and SDs 
of these 305 subjects categorized by WR 
stage. The HIV-infected subjects evaluated 
with the detailed neuropsychological test- 
ing were drawn from the larger pool based 
on Air Force requirements for routine 
neuropsychological evaluation of person- 
nel on flight status or in high-security 
positions. Referrals were not generally 
based on observed declines in cognitive 
function. Neurological examination results 
on all subjects used in this study were 
within normal limits. The WR classifica- 
tion system was chosen to group patients 
because it identifies the spectrum of HIV 
infection based on immunological factors 
as well as physical findings.*° 

No patients included in this analysis 
were receiving specific retroviral therapy. 
To control for factors other than HIV 
status that may affect neurological perfor- 
mance, two subjects with pre-existing sei- 
zure disorders, one subject with a history 
of severe head injury with three days of 
coma, one subject with a history of multi- 
ple mild head injuries, and two subjects 
with a history of alcoholism were excluded 
from the study. In addition, those subjects 
who were diagnosed with a psychiatric 
disorder (eg, an affective disorder or 
adjustment disorder) when tested were 
also excluded to control for possible inter- 
ference from attention or concentration 
deficits. 

All HIV-infected individuals underwent 
lumbar puncture to obtain CSF for the 
following studies: glucose, protein, IgG, 
IgG index, IgG synthesis, oligoclonal 
bands, cell count, albumin index, crypto- 
coccal antigen, VDRL, and bacterial, myco- 
bacterial, and fungal cultures. Table 3 
gives our abnormal CSF values. None of 
the patients had an abnormal glucose level 
or evidence of bacterial, mycobacterial, 
fungal, protozoal, or treponemal infection. 
The spinal fluids were then classified (ac- 
cording to cell count, protein, IgG, IgG 
index, IgG synthesis, or oligoclonal bands) 
as normal or as mildly, moderately, or 
severely abnormal. The mildly abnormal 
group consisted of those with a single mild 
CSF abnormality. In these patients, the 
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Table 1.—Walter Reed Criteria for Staging HIV imfection* 


Skin Anergy Panel 
Cells /mm? 


No reaction +/-— + 





Opportunistic 


(4 Antigens) Thrusht Infection 





single abnormalities were elevated nucle- 
ated cell counts of greater than 20/mmì?, an 
elevated IgG index of greater than 0.75, an 
elevated CSF IgG of greater than 0.075 
g/L, an elevated protein level of greater 
than 0.60 g/L, or an elevated level of IgG 
synthesis of greater than 9.0 mg/d. Moder- 
ate abnormality was defined as either the 
presence of oligoclonal bands alone or one 
laboratory value exceeding the criteria for 
mildly abnormal or any two or three 
abnormal CSF measurements. Finally, 
severely abnormal was defined as four or 
more abnormal CSF values. The distribu- 
tion of patients according to CSF findings 
were as follows: 37 normal, 13 mildly 
abnormal, 25 mederately abnormal, and 21 
severely abnormal. 

Eighteen patients who were HIV nega- 
tive were used as @ comparison group. 
These individuals were men in Basic Mili- 
tary Training without clinical evidence of 
cognitive dysfunction who were routinely 
evaluated (as mandated by USAF policy) 
for possible newropsychological sequelae 
secondary to remote head injury. Criteria 
for inclusion in the comparison group 
included loss of consciousness for less than 
24 hours, no penetration of the dura mater, 
normal neurological examination results, 
no medical illmesses, and no history of 
psychiatric or neurological disorder. None 
of these patients demonstrated neuropsy- 
chological impairment. The mean duration 
of loss of consciousness was 1.57 hours (SD, 
2.15 hours), with a range of zero to seven 
hours. The mean length of time since the 
injury was 6.94 years (SD, 4.36 years), with 
a range of two to 19 years. These patients 
were deliberately chosen as a comparison 
group because centinued enlistment in the 
USAF was contingent on the outcome of 
the evaluation, thus exposing them to test- 
ing stressors similar to those experienced 
by the HIV-infeeted subjects. All members 
of the control group were deemed healthy 
and were allowed to continue in Basic 
Military Training. 

The following six neuropsychological 
tests were administered by a trained tech- 
nician or by a clinical psychology intern. 


Controlled Oral Word Association 


The Controlled Oral Word Association 
test of verbal fluency is useful in identify- 
ing deficits associated with frontal lobe 
lesions and Alzheimer’s dementia.” The 






Table 2.—Mini-Mental State Means, 
Ranges, and SDs 


Classifi- 
cation 


No. of 
Subjects Mean 
(N = 305)t Score Range 





*WR indicates Walter Reed. 

tThe frequency of subjects with scores less than 
27 were as follows: WR 1, five; WR 2, two; WR 3, 
one; WR 5, one; and WR 6, one. 


Table 3.—Definition of Abnormal 
Cerebrospinal Fluid Values 


Nucleated cells, >5/mm® 


Protein, >0.45 g/L 

IgG, >0.06 g/L 
IgG/index, >0.66 

IgG synthesis, >3.3 mg/d 





examiner states a letter of the alphabet, 
and the patient must say as many words in 
one minute that begin with that letter as 
possible (excluding preper nouns or vari- 
eties of a single word). After correction for 
education and age, the score is based on the 
total number of words for the three let- 
ters. 


Trail Making Test, Part B 


The Trail Making Test, Part B, of visuo- 
motor speed, coordination, and mental 
tracking is effective in discriminating 
brain-damaged from healthy individu- 
als.'>P 556-559 Tt is a timed task that requires 
the patient to draw a line connecting con- 
secutive numbers and letters in an alter- 
nating sequence. The total score is the time 
taken to successfully complete the alter- 
nating sequences. 


Finger Tapping Test 


The Finger Tapping Test of manual dex- 
terity involves the tapping of a counting 
device by the patient with tne index finger 
of the dominant hand. The score is the 
average over three 10-s trials.!> 5% 


Paced Auditory Serial Addition Test 
(PASAT) 


The PASAT has been successfully used 
to assess auditory processing and. to a 
lesser degree, short-term memory function 
in head-injured patients.'"* The PASAT 
consists of a tape-recorded random series 
of numbers (1 through 9) presented im four 
trials of 50 digits. Over the four trials, the 
interstimulus interval becomes increasing- 
ly shorter (<1 s). The subject responds 
verbally as he adds pairs of digits, such 
that each new digit is added to the imme- 
diately preceding digit. The total correct 
additions for each trial were analyzed. 


Verbal Selective Reminding Test 


In the selective reminding procedure, the 
examiner presents a 12-word list at an 


HIY— Goetre et al- 


Ene 








Control 
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Tale 4.—Neuropsycholagical Results for Patients in Walter Reed Stages 1 and 2* 


— SS Impaired 
1 2 Range 
28.64 + 6.42 26.33 + 5.80 


12.8 + 2.0 
43.03 + 11.43 


39.54 + 7.98 
34.73 + 9.09 
30.47 + 7.58 
26.33 + 7.14 








92.42 + 32.21 
10.60 + 1.58 








77.% + 6.89 
2.16 + 0.59 
4.42 + 1.72 









53.32 + 5.84 
61.59 + 21.18 
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41.15 + 7.03 
35.46 + 8.71 
32.83 + 6.82 
26.00 + 7.86 













107.07 + 19.67 
10.93 + 1.22 




















78.93 + 7.66 
2.47 + 0.64 
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57.31 + 5.14 
§7.87 + 12.32 








* Value are siven in meen + SD. COWA indicates Controlled Oral Word Association; PASAT, Paced 
Audwory Serial Addition Test; and CLTR, consistent long-term retrieval. 


intervabef on word per 2 s."* At the end of 
the list, the patient repeats the words and 
the examiner repeats those words not 
recalled unt® all 12 are successfully 
repeatec over three consecutive trials, or 
at the ead of 12 trials, whichever occurs 
first, The corsistent long-term retrieval 
score is based en the total number of words 
consecut-vely recalled across trials. The 
delayed =call score is the number of words 
correctly recaled after 30 minutes. This 
test has been shown to differentiate the 
severity «f head injury in patients based on 
the efficency ef learning the word list. 


Corfinuoas Visual Memory Test 


The Comtinupus Visual Memory Test has 
beer shewn t» successfally discriminate 
brais-damagee individuals from healthy 
ones: as well -s separate performance in 
heac-injered ndividuals from that of 
patients who aave had strokes. With a 
recognitimn fe-mat, this test of visual 
memory wses 1_2 stimuli 2ach presented in 
2-s mtemeals. Some of the designs are 
repeated» shewn, while others are not. 
Immedialy fdlowing the test and then 30 
minutes later, the patient must choose 
from an arraz those designs that were 
repeatedis seez. The scores used were (1) 
the number of zorrect responses, (2) the d 
prime valse, which is a z score indicative of 
overall pæfornsance, and :3) the number of 
designs zorrertly recognized after 30 
minutes. 


RESULTS 
Cress-sectional Comparisons 


Table pre: ents the means and SDs 
for G2emegrapnic and neuropsycholog- 
ical ‘est data arramgec by WR stage. 
The compari©on group is referred to 
as the “contrel.” Because of the small 
number of WR stage 3 through 5 
subjects, ther data were excluded 
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from the first two statistical analyses 
that follow. 

Separate F tests comparing 
the neuropsychological functioning 
among subjects in the control group 
vs the WR 1 and 2 groups yielded no 
significant differences on any of the 
neuropsychological test measures. 
Moreover, stepwise multiple regres- 
sion using neuropsychological test 
data (as independent variables) failed 
to identify any neuropsychological 
test scores as significant predictors of 


WR stage. 
To examine the relationship be- 
tween CSF value abnormalities 


and neuropsychological functioning 
among the HIV-positive patients in 
WR stages 1 and 2, separate F tests 
were performed for each neuropsy- 
chological variable. None of the 
results of these analyses were statisti- 
cally significant. 

Data from all HIV-positive patients 
(including the small number subjects 
in WR stages 3 through 5) were then 
collapsed across WR stage and reana- 
lyzed in separate one-way F tests 
comparing HIV-positive subjects with 
normal CSF values to those with 
abnormal values. The only significant 
difference observed between the 
healthy subjects and those with 
abnormal CSF values was on consis- 
tent long-term retrieval during the 
verbal memory test (F = 2.73, df = 3, 
92, P = .049). The HIV-positive sub- 
jects with severely abnormal CSF val- 
ues as a group tended to amass fewer 
verbal items into consistent long-term 
retrieval, although the mean score 
was still within the unimpaired range. 


The fact that no main effect was 
found for this variable during the 
two-way F tests indicated that the 
majority of the variance accounting 
for this newly observed difference 
could be found among the scores of 
WR 3 through 5 subjects. (Since mul- 
tiple comparisons were made, the 
false-positive rate is possibly high. 
Pending replication, caution must be 
applied in accepting this finding.) 

The frequeney of abnormal results 
of neuropsychological testing vs WR 
stage was computed. The criteria for a 
subject’s performance on the neuro- 
psychological screening battery were 
considered impaired if scores on three 
or more of the six tests fell within the 
impaired range on existing norms. 
With these criteria, seven of the 69 
WR 1 subjects were considered neu- 
ropsychologically impaired, as well as 
one of the 16 WR 2 subjects, two of the 
five WR 3 subjects, none of the two 
WR 4 subjects, and two of the four 
WR 5 subjects. The total percentage of 
abnormal measures were not statisti- 
cally different at P = .1 between the 
HIV-infected individuals and con- 
trols. 


Longitudinal Comparisons 


Fifteen subjects have been reeval- 
uated after one year. Six of the 15 
subjects scored in the impaired range 
on at least one of the nine test mea- 
sures during the initial evaluation. At 
reevaluation one year later as shown 
in Table 5, five of the 15 subjects 
scored in the impaired range on one or 
more test measures. Three of the six 
subjects whose scores were initially 
abnormal were unimpaired on retest- 
ing, despite the fact that two of these 
subjects progressed to a higher WR 
stage. Only two subjects (3 and 10) 
converted to a higher WR stage and 
also had at least one abnormal mea- 
sure after one year. Subjects 9 and 11 
with multiple abnormal measures 
decreased this number at retesting, 
while subjects 3 and 13 increased this 
number by one. 


COMMENT 


Although individuals with AIDS 
are often impaired on a variety of 
neuropsychologieal tasks, questions 
remain as to when neuropsychological 
declines can be reliably detected dur- 
ing the course of disease progression. 
Tross and associates, for example, 
postulate that the dementia associ- 
ated with AIDS may stem from HIV 
infection of subeortical brain tissue. 
They argue that increased evidence 
of neuropsychologica. dysfunction 
should be discernible as the disease 
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13 1A 0 
14 1A 1 
15 5B 0 


*WR indicates Walter Reed. 


Table 5.—Neuropsychological Testing Resulting in Patient Retesting After One Year* 


pee 


No. of No. of 
Abnormal Test Abnormal Test 
WR Stage Measurest WR Stace Measures 


3 1A 0 2B 1 
á 2A 0 2B 0 
6 1A 1 3A o 
7 1A 1 2A 0 
8 1A 1 1A 0 
9 1A 3 1A 2 









12-mo Follow-up 
_ oo  ——————_————— a——q<—aa 
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2A 0 
1A 2 
5B 0 


tA indicates no systemic symptoms; B, presence of systemic symptoms (such as fever, weight loss, or 


diarrhea). 


The neuropsychological battery contains six tests using a total of nine separate measures. 


progresses from early asymptomatic 
stages of HIV infection to AIDS. 
These researchers examined the neu- 
ropsychological functioning of four 
groups of HIV-infected patients. 
Group 1 was a comparison group of 20 
HIV-negative homosexuals, group 2 
consisted of 16 asymptomatic HIV- 
positive homosexual males, group 3 
included 44 newly diagnosed patients 
with AIDS, and group 4 contained 40 
patients with AIDS who were referred 
for neurological consultation. In gen- 
eral, they found that the patients with 
AIDS performed significantly poorer 
on tests assessing motor speed, fine- 
motor control, concentration, abstrac- 
tion, problem solving, and visuospa- 
tial skills. To examine the frequency 
of clinically significant neuropsycho- 
logical deficits, the 11 test scores of 
each subject were classified as normal 
or abnormal. Subjects were then 
assigned to one of three groups of 
clinical impairment based on the fol- 
lowing criteria: normal or no deficits 
(zero or one abnormal test score), 
mildly impaired (two or three abnor- 
mal test scores), or moderately to 
severely impaired (four or more 
abnormal test scores). With these cri- 
teria, no indication of neuropsycho- 
logical abnormality was observed in 
HIV-negative homosexuals (group 1), 
while some degree of abnormality was 
observed in two of the 16 subjects in 
group 2, 14 of the 44 subjects in group 
3, and 28 of the 40 subjects in group 4. 
Progressive increases in moderate to 
severe rates of abnormality were 
reported for groups 3 and 4, respec- 
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tively. These data were interpreted as 
“demonstrating an increase in the 
incidence of multiple neuropsycholog- 
ical impairments across disease pro- 
gression from HIV antibody serone- 
gative and seropositive non-AIDS 
comparison groups to newly diag- 
nosed AIDS patients and AIDS 
patients who were referred to a neu- 
rologist later in their course.” 

Grant and colleagues’ also present 
data that they interpreted as provid- 
ing evidence of early CNS involve- 
ment in HIV infection. They examined 
the neuropsychological test data from 
four groups of homosexual males and 
found that patients diagnosed as hav- 
ing AIDS performed significantly 
worse on a reuropsycholozical mea- 
sure of attention and speed of infor- 
mation processing than patients with 
AIDS-related complex (ARC), asymp- 
tomatic HIV-positive patients, or 
HIV-negative controls. They also 
found that patients with AIDS per- 
formed significantly poorer on a mea- 
sure of nonverbal abstracting ability 
compared with HIV-negative con- 
trols. No significant differences, how- 
ever, were noted between the perfor- 
mance of HIV-negative controls and 
HIV-positive patients who were 
asymptomatic. They then grouped the 
performance of individual patients on 
each of the neuropsychological tests 
into one of the three following catego- 
ries: definitely impaired, probably 
impaired, or unimpaired. Test perfor- 
mance was considered abnormal if 
patients were considered definitely 
impaired on any one test or probably 
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impaired on any two tests. Using this 
criteria, they classified the rate of 
neuropsychological abnormality as 
9% (1/11) for HIV-negative controls, 
44% (7/16) for HIV-positive asymp- 
tomatic patients, 54% (7/13) for 
patients with ARC, and 87% (13/15) 
for patients diagnosed with AIDS. 
They concluded that cognitive impair- 
ment may occur early in the natural 
history of HIV infection but cautioned 
that more cross-sectional and longitu- 
dinal research would be needed for 
confirmation of this hypothesis. 

Such caution may be well founded. 
Not only are the conclusions of Tross 
et al' and Grant et al? based on data 
from a small number of asymptomatic 
HIV-infected patients, but they also 
failed to control for factors such as 
head injury, neurological disease, psy- 
chiatric disorders, or drug or alcohol 
abuse, any of which may significantly 
reduce neuropsychological function- 
ing independent of HIV status." '* 

Moreover, classification of a patient 
as cognitively impaired by Grant et al? 
on the basis of one abnormal test 
score may be unwarranted. With 


_ established neuropsychological test 


batteries, such as the Halstead-Reitan 
Test,” for example, the presence of 
one test score within the impaired 
range is generally viewed as a statisti- 
cally probable event and not sugges- 
tive of brain impairment. Finally, 
lumping HIV-infected asymptomatic 
patients into one group may increase 
the probability of erroneously con- 
cluding that HIV-related brain im- 
pairment is present, since patients 
who are asymptomatic may differ 
greatly in their immunological sta- 
tus.*'* The WR staging system may 
thus be a more valid and reliable 
discriminator between HIV-positive 
patients without ARC or AIDS. 

In the current study, no significant 
differences in the level of neuropsy- 
chological functioning was observed 
between HIV-positive patients in the 
early stages and HIV-negative indi- 
viduals. These findings are similar to 
those reported by Grant and col- 
leagues,’ Tross et al, and Rubinow 
and coworkers,’ all of whom found no 
significant differences in neuropsy- 
chological functioning between con- 
trols and small numbers of HIV-posi- 
tive asymptomatic subjects. In addi- 
tion, we found that abnormal CSF 
values had no significant effect on 
neuropsychological performance for 
subjects in WR stages 1 and 2. This 
finding is similar to that reported by 
McArthur et al,” who found abnormal 
CSF values frequently occur in the 
absence of neuropsychological impair- 
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ment. Gur study highlights a number 
of methodological issues. In contrast 
to he results reported by Grant et al,’ 
we felt uncomfortable using our fre- 
quency data to attribute the small 
percentage of impairment observed in 
subjects in WR stages 1 and 2 to HIV 
status alone. In any random sample 
from a normal population, a small 
pementage of individuals will score in 
the impaired range by chance, a prob- 
lem that is exacerbated when small 
samples are used. 

Fər example, in our reevaluation 
data, six of 15 subjects scored in the 
abnormal range on one or more of the 
nine test measures during the initial 
eva uation, but one year later, three of 
those six subjects scored in the unim- 
paired range even though two subjects 
prowressed to higher WR stages. Thus, 
due to chance alone, frequency data 
based or small sample sizes may inac- 
curately reflect the true measurement 
of dysfunction in the target popula- 
tion. 

Im adeition, the notion that HIV- 
serepositive patients without ARC or 
AIDS make up a homogeneous group 
may be misleading. There are immu- 
nolegica. differences between these 
patients in the early end later stages 
of the disease that may have direct 
inflwence on their susceptibility to 
HI\ brain infection (ie, T-helper cell 
count). When data from subjects with 
higher WR stages were entered into 
our analyses, subjects with abnormal 
CSF vaues were found to have per- 
formed significantly worse on a mea- 
sure of verbal memory than subjects 
with normal CSF values. Previous 
research that has not distinguished 
between WR stages may erroneously 
concude that significantly higher 
rates of neuropsychological dysfunc- 
tion occur in early-stage HIV infec- 
tion thamactually may be present. We 
have not seen significant cognitive 
declime before the T-helper cell count 
has ‘allen below 400/mm’°. We agree 
with Price and colleagues” that pro- 
gressive dementia likley does not 
antedate immunologieal deteriora- 
tion; however, we await follow-up 
data to test this hypothesis. Also, we 
question whether clinical dementia 
related to HIV infection truly 
apprsaches the estimates published in 
the lcerature of 60% or more.” For 
example, as of Dec 31, 1987, thirty of 
our WR 6 (AIDS) patients had died, 
but enly three demonstrated definite 
clinieal evidence of dementia at the 
time of death. Two of these patients 
were diagnosed as demented in WR 
stage 6 and survived 14 and seven 
months. The remaining patient was 
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diagnosed in WR stage 5 and survived 
five months. Not all patients, howev- 
er, died at Wilford Hall USAF Medi- 
cal Center, and we rely on the obser- 
vations of others to establish cogni- 
tive function in the terminal stages of 
the illness. 

The fact that our estimate of 
patients with cognitive dysfunction is 
so much lower than that reported in 
the literature may be because our 
patient population is identified by 
mass HIV-antibody screening of oth- 
erwise healthy individuals rather 
than from patients who seek medical 
attention. 

Another methodological issue con- 
cerns the failure of studies to control 
for a variety of factors that may sig- 
nificantly affect neuropsychological 
functioning independent of HIV sta- 
tus. For example, neither Tross et al! 
nor Grant et al’ excluded patients 
with histories of head injury, psychi- 
atric disorders, neurological disease, 
or significant substance abuse. Con- 
clusions about the prevalence of neu- 
ropsychological dysfunction in HIV- 
infected patients are clouded in these 
studies by the possibility that factors 
other than HIV status may have 
accounted for their results. 

While neuropsychological impair- 
ment may occur in HIV-infected 
patients, our reevaluation data and 
the methodological issues discussed 
above indicate that experimental pro- 
cedures currently employed are inade- 
quate for accurately evaluating inci- 
dence, prevalence, and natural history 
of such impairment. Additional longi- 
tudinal data are required to identify 
both the stage of onset and degree of 
neuropsychological impairment as 
disease progression occurs. On the 
basis of the findings in this study, we 
cannot conclude that the neuropsy- 
chological functioning in HIV- 
infected patients in WR stages 1 and 2 
is significantly different from the 
healthy population nor that cognitive 
dysfunction precedes immunological 
decline. Extensive neuropsychological 
testing of asymptomatic patients out- 
side the setting of a well-controlled, 
prespective longitudinal study is 
prebably not practical or cost-effec- 
tive. An HIV-infected asymptomatic 
individual’s job performance might be 
the most practical indicator of cogni- 
tive function that can be readily mon- 
itored. In the setting of clinical neuro- 
logical symptoms or signs, neurologi- 
cal dysfunction should be evaluated in 
a selective manner based on clinical 
presentation and a complete neurolog- 
ical examination. Additional studies, 
when clinically indicated, may include 


neuropsychological testing, immuno- 
logical studies including ‘T-helper 
counts, compuzed tomographic scan- 
ning, or magnetic resonance imag- 
ing. 
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Neuronal RNA in Pick’s and Alzheimer’s Diseases 


Comparison of Disease-Susceptible and Disease-Resistant Cortical Areas 


Jeffrey A. Doebler, PhD; Robert E. Rhoads, PhD; Adam Anthony, PhD; William R. Markesbery, MD 


èe Comparative neuronal RNA analyses 
were conducted in disease-prone (frontal 
association, Brodmann’s area Q) vs rela- 
tively disease-resistant (primary visual, 
occipital area 17) cortex of patients with 
-autopsy-proved Pick’s disease (PD) and 
Alzheimer’s disease (AD). Azure B-RNA 
staining and scanning-integrating micro- 
densitometry were used to determine 
total RNA contents of pyramidal neurons 
in layers 3 and 5. In both PD and AD (1) 
significant (15% to 47%) RNA loss was 
detected in neurons of both cortical areas 
and layers relative to those of aged, non- 
demented controls, and (2) RNA loss was 
not markedly enhanced in the damaged 
frontal cortex relative to that in the pre- 
served occipital cortex. Neuronal RNA 
depletion was generally more marked in 
PD than in AD. However, this impairment 
does not appear to be related to the 
formation of classic neuropathological 
abnormalities in either disease. 

(Arch Neurol 1989;46: 134-137) 


Izheimer’s disease (AD) and Pick’s 
disease (PD) are progressive 
dementing disorders of unknown eti- 
ology. The diagnosis of AD is based on 
the presence of abnormally large 
numbers of senile plaques and neuro- 
fibrillary tangles,' whereas ballooned 
neurons and cytoplasmic inclusions 





Accepted for publication July 6, 1988. 

From the Departments of Biochemistry (Drs 
Doebler and Rhoads) and of Pathology and Neu- 
rology (Dr Markesbery), University of Kentucky 
College of Medicine, and Sanders-Brown 
Research Center on Aging (Drs Doebler and 
Markesbery), Lexington, Ky; and the Depart- 
ment of Biology, Pennsylvania State University, 
University Park (Dr Anthony). 

Reprint requests to Sanders-Brown Research 
Center on Aging, Lexington, KY 40536 (Dr Mar- 
kesbery). 


134 Arch Neurol—Vol 46, February 1989 


(Pick bodies) are pathological hall- 
marks of PD. Both are primarily dis- 
eases of the cerebral cortex and exhib- 
it regional variations in cortical 
involvement. Severe frontotemporal 
atrophy is characteristic of PD, 
whereas parietal and occipital lobes 
are rarely affected. Although pa- 
tients with AD show more subtle and 
generalized brain atrophy, the severi- 
ty of pathological abnormalities is 
greatest in temporal, frontal, and 
parietal assoeiation cortices, whereas 
primary projection areas, notably in 
occipital and perisylvian regions, are 
relatively spared.** 

It is now well documented that AD 
is associated with disturbances in 
nucleic acid metabolism and protein 
synthesis. To summarize briefly, an 
alteration in chromatin conformation 
has been detected in AD cerebral cor- 
tex, with diminished amounts of the 
transcriptionally active euchromatin 
fraction.*’ Total cellular RNA,*"! ribo- 
somal RNA,’ and messenger RNA®!? 
are reduced in brains of patients with 
AD, and the translational activity of 
the messenger RNA present may’ or 
may not” be reduced. Also, the incor- 
poration of "C-labeled methionine 
into cerebral protein is only 30% of 
normal in severely demented pa- 
tients.'* At present, it is not clear 
whether decreased cerebral RNA and 
protein synthesis in AD are primary 
pathogenic factors or secondary mani- 
festations of the disease process. 

The current study was conducted to 
examine nueleic acid alterations in 
lesion-prone (frontal association, 
Brodmann’s area 9) vs lesion-resis- 
tant (primary visual, occipital area 
17) cortical areas in AD and PD. It 


was believed that this would provide 
insight as to whether nucleic acid 
disturbances (1) are also characteris- 
tics of PD and (2) are related to the 
formation of classic neuropathologi- 
cal alterations in these disorders. 
Cytochemical assays of RNA were 
employed to focus specifically on the 
neuronal compartment and eliminate 
any possible influence of neuronal loss 
or glial proliferation. Pyramidal neu- 
rons of layers 3 and 5 were studied, 
since there is evidence of selective 
degeneration of these neurons in 
AD* and perhaps in PD" as well. 


SUBJECTS AND METHODS 


Brains were obtained at autopsy from 11 
patients with AD (eight male, three 
female), five patients with PD (three male, 
two female), and 12 aged controls (nine 
male, three male). All subjects with AD 
and PD were studied clinically and exhib- 
ited progressive dementia without evi- 
dence of other neurological illnesses. The 
diagnosis of AD or PD was confirmed by 
neuropathological examination. This en- 
tailed analysis of Bielschowsky- and hema- 
toxylin-eosin-stained sections of the four 
major cortical lobes, hippocampus, amyg- 
dala, and other subcortical, brain-stem, 
and cerebellar regions. Criteria used for 
histopathological diagnosis of AD were 
those established by the National Institute 
on Aging-National Institute of Neurologi- 
cal and Communicative Disorders and 
Stroke Study Group.' Brains of patients 
with PD exhibited Piek bodies, ballooned 
neurons, severe neuronal loss, and astrocy- 
tosis in neocortex and occasionally in vari- 
ous deep gray nuclei. Variable degrees of 
gross frontal or frontotemporal atrophy 
were detected in brains of Zour of the five 
subjects with PD, but atrophy was not 
remarkable in the other. Four of the five 
brains with PD also exhibited an absence 
of notable numbers of senile plaques and 
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“ED imticates Alzheimer’s disease; and PD, Pick’s disease. Values are neuronal RNA in absorbancy 
units + S, with percentage decine from control in parentheses. Each value represents the overall mean 
with 20 in=ivicwa’ neuronal RNA determinations per sample. 

t@ontre vs AD and AD vs °D, P < .05; control vs PD, P < .01. 

+@ontronvs AD and control vs PD, P < .001; AD vs PD, .05 < P< .10. 

§Gontrefvs AD and control vs PD, P< .01; AD vs PD, .05 < P< .10. 

\Controt vs AD and control vs PD, P < .001; AD vs PD, P > .5. 


neurofibrillary tangles. In the other, how- 
ever, maserate numbers of neurofibrillary 
tangles were present but limited to the 
hippecampus. Specimens used as controls 
were obtained from individuals without a 


history æ dementia or other neurological 


disease. “eurapathological examination of 
these brains confirmed the absence of any 
sigmificamt gross or microscopic abnormal- 
ities. A m= ysi@of variance F tests indicated 
that these were no significant (P < .05) 
differences im age (75 + 2 [SD], 70 + 4, 
70 +3 wears’ or postmortem interval 
10 = 2/8D 9 + 2, 12 + 2 hours) between 
AD. PD, ane control groups, respectively. 

Fer RA assays, samples of right fron- 
tal assoccation (midportion of Brodmann’s 
ares 9) and primary visual (cecipital area 
17, midpertien of calcarime cortex cutting 
across ecalearine sulcus) cortex were 
remeved rom brains fixed in 10% formal- 
Gehwde slutien, paraffin processed, and 
sectionec at 18 um. Azure B-RNA stain- 
ing'-wasmsed for the measurement of total 
pericarya: RNA levels. Iz has been shown 
that specera. gharacteristics of the RNA- 
azure B eve complex remain constant over 
a wile range of cellular RNA concentra- 
tions ane that a quantitative relationship 
exists between RNA content and dye bind- 
ing.” Simce tetal RNA levels parallel the 
incorporation of tritiated uridine into 
RN ane tritiated lysine into protein,” 
assays of RNA provide a useful index of 
overall cuanges in RNA and protein syn- 
thesss. 

Cytophstometric analyses of RNA levels 
on am individual neuron basis were made 
using a Scanming-integrating microdensi- 
tometer (Vickers M85a) as described previ- 
ously.'*'’ Measurements were made at the 
absorption maximum of the RNA-azure B 
dye eomplex (595 nm) using field-delimit- 
ing apertures so isolate individual neuro- 
nal œl] bedies. Care was exercised to avoid 
cut and cvertapping cells by up-and-down 
fecusing =nd seanning only those lying in 
the midfeeal plane of the section. 

It was aseertained that the extent of 
error in “NA measurements attributable 
te diferemces in section thickness (<2%) 
or instrument performance (<1%) is negli- 
giblerelacive to the normal extent of vari- 
abiliny in RNA levels (c 16%) or homoge- 
neous populatiens of neurons in the desig- 
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nated brain regions. The general protocol 
entailed making 20 individual neuron mea- 
surements in each lamina (3 and 5) of the 
two areas (frontal area 9 and occipital area 
17) on specimens obtained from each 
patient. Only one measurement was made 
per neuron since, with scanning cytopho- 
tometry, replicate RNA measures of the 
same neuron yield values that differ by 
less than 1%. Thus, the average neuronal 
RNA data summarized in the Table for 
each of the four compartments were based 
on 100, 220, and 240 measurements for the 
PD, AD, and control groups, respectively, 
or a combined total of 2240 individual 
perikaryal RNA assays. 
RESULTS 

Overall mean values obtained for 
pyramidal neuron RNA contents in 
AD and PD are summarized in the 
Table. Mean values for each area and 
lamina were initially screened using 
analysis of variance. All four analysis 
of variance F tests were highly signif- 
icant (P < .00001). The data were then 
analyzed using a series of three inde- 
pendent t tests for each neuronal pop- 
ulation, viz, control vs AD, control vs 
PD, and AD vs PD in each area and 
lamina. In both AD and PD, signifi- 
cant (P <.001 to P <.05) RNA loss 
was detected in neurons of both corti- 
cal areas and laminae relative to the 
respective control values. The extent 
of RNA loss was significantly greater 
(P < .05) in PD than in AD in layer 3 
of area 9. Similarly, in area 9 (layer 5) 
and area 17 (layer 3), RNA loss was 
greater in PD than in AD, and the t 
tests approached significance (.05 < P 
< .10). However, there was no differ- 
ence in AD vs PD values in area 17 
(layer 5). 

From the Table it is apparent that, 
in the samples from the aged control 
patients, RNA contents of both layer 3 
and layer 5 pyramidal neurons of 
frontal area 9 were approximately 
20% greater than those of area 17. 
Therefore, comparisons of RNA loss 
between areas were made in terms of 
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percentage decline from respective 
control means. Whem the data were 
analyzed in this manner, there were 
essentially no differences in the sever- 
ity of the RNA loss in layer 3, areas 9 
vs 17, either in AD (15% vs 19%) or in 
the same neuronal population in PD 
(34% vs 31%). This relationship is 
also apparent in layer 5 in AD (area 9, 
38% vs area 17, 33%), although in PD 
a slightly more severe impairment 
was evidenced in layer 5 neurons of 
the frontal cortex (47%) relative to 
those of the occipital cortex (36% ). 

To determine whether identifiable 
subpopulations of neurons were 
responsible for the diminished mean 
RNA values, these data were further 
analyzed in frequency distribution 
profile form (Figs 1 and 2). If subpop- 
ulations of degenerating neurons were 
the cause of the redueed mean values 
observed in cortical samples from 
patients with AD and PD, one would 
anticipate bimodal or at least abnor- 
mal distributions of the individual 
cellular determinations. However, 
there was no obvious separation into 
distinct subpopulations in any of the 
regions and lamina analyzed. Rather, 
all histograms revealed unimodal 
populations resembling Gaussian dis- 
tributions without any substantial 
deviation between mean and median 
values. The AD- or PD-associated 
diminution of neuronal RNA was 
apparent only in the shifting of the 
entire neuronal populations toward 
lower RNA values. Thus, RNA loss 
appears to be characteristic of pyram- 
idal neurons in general rather than to 
the presence of subpopulations of low 
RNA-containing neurons. It is note- 
worthy that the shift toward lower 
RNA values is more pronounced in PD 
than in AD in both brain regions 
when comparisons are made relative 
to controls that were used as a refer- 
ence database. 


COMMENT 


Although disturbances in nucleic 
acid metabolism/protein synthesis 
occurring in AD have been the subject 
of intensive investigation, the only 
study we found relating to such alter- 
ations in PD was that of Lewis et al,’ 
in which chromatin abnormalities 
were detected in cerebral tissue from 
one patient with PD and one with 
combined AD-PD. Thus, to the best of 
our knowledge, the current study rep- 
resents the initial investigation of 
nucleic acid metabolism/protein syn- 
thesis alterations in brain tissue of 
multiple patients with the rare disor- 
der named after Arnold Pick. 

Alzheimer’s and Pick’s diseases are 
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Fig 1.—Frequency distribution profiles of pyramidal neurons RNA, layers 3 and 5, frontal 
association area 9. Preparative procedures and microdensitometric analyses are described in 
text. Each histogram represents 20 individual neuronal determinations per patient sample. 
Control, N = 12; patients with Alzheimer’s disease, N = 11; patients with Pick’s disease, 
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Fig 2.—Frequency distribution profiles of pyramidal neurons RNA, layers 3 and 5, primary visual 
cortex, area 17. Preparative procedures and microdensitometric analyses are described in text. 
Each histogram represents 20 individual neuronal determinations per patient sample. Con- 
trol, N = 12; patients with Alzheimer’s disease, N = 11; and patients with Pick’s disease, 
N= 5. 
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similar in many respects. Both 
present as progressive dementing dis- 
orders that are frequently difficult to 
differentiate clinically.’ Neuronal 
loss and gliosis are prominent compo- 
nents of both diseases. Pathological 
hallmarks of both AD (neurofibrillary 
tangles) and PD (Pick bodies) repre- 
sent abnormal accumulations of neu- 
rofilaments. Both diseases affect as- 
sociative cortical areas most severely 
while the primary projection areas 
remain relatively intact. Our find- 
ings indicate that a similar pattern of 
RNA alterations also occurs in the 
two diseases. In both AD and PD, 
RNA loss is present in pyramidal neu- 
rons of layers 3 and 5 in frontal asso- 
ciation (area 9) and primary visual 
(occipital area 17) certex. This RNA 
loss is not markedly enhanced in an 
area of abundant histopathological 
abnormalities (area 9) relative to that 
of minimal pathological change (area 
17). Finally, in both disorders, RNA 
loss is greater in layer 5 than in layer 
3 neurons. Generally, this neuronal 
RNA loss is more marked in PD than 
in AD. 

At present, the importance of dis- 
turbances in nucleic acid metabolism/ 
protein synthesis occurring in AD and 
PD remains elusive. Such alterations 
may play a fundamental role in the 
pathogenesis of the disease. Reduced 
protein synthesis may be an impor- 
tant component in a series of events 
culminating in cell dysfunction and 
eventual death.* In particular, im- 
paired protein synthesis, by leading to 
defective production and incorpora- 
tion of cytoskeletal eomponents, may 
result in the accumulation of neurofi- 
brillary material.: However, our 
finding (Table) that this RNA loss is 
as severe, or almost as severe, in 
regions of minimal histopathological 
change (primary visual cortex) as in 
those containing abundant abnormal- 
ities (frontal association cortex) 
appears inconsistent with this hy- 
pothesis. The RNA loss does not 
appear to be related to the accumula- 
tion of neurofibrillary material and 
hence the formation of classic neuro- 
pathological hallmarks of either AD 
or PD. Similar results have been 
obtained previously in studies of neu- 
ronal RNA changes in the hippocam- 
pal region of patients with AD." 
Here also there was essentially the 
same extent of neuronal RNA loess 
occurring in regions of minimal (end- 
plate, Rose’s H, field) as those of 
extensive (Rose’s H, fielc, subiculum) 
neuropathologic alterations. 

An alternative hypothesis is that 
abnormalities in nucleic acid or pro- 
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tem syathesis may occur as an epiphe- 
næmenən secondary to other degener- 
atve changes common to both AD and 
PB. One possibility is that RNA loss 
may be related to a functional deaf- 
feventation of the affected neuronal 
peoulations occurring in association 
wich dementia. Cerebral protein syn- 
thesis ss typically adjusted to levels 
aporopriate for long-term mainte- 
nance and remodeling functions, and 
reeucec protein synthesis is believed 
to be a regressive response to the 
ch-onic lack of synaptic input.” It is 
significant im this regard that synap- 
tie density is reduced in both AD and 
PL. with a much greater diminution 
ani the almost total absence of den- 
drtic spines on cortical pyramidal 
nesrons in PD.’ Our data indicate 
that RMA less is also more severe in 
PL than in AD. However, correlative 
analyses of nucleic acid abnormalities 
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and synaptic densities are warranted 
for the evaluation of this hypothesis. 

It would also be desirable to obtain 
correlative data relating RNA 
changes to changes in perikaryal, 
nuclear, and nucleolar volume, since 
recent studies indicate a linear corre- 
spondence between neuronal RNA 
and nuclear or nucleolar volume in 
AD? and also in rate subjected to 
chemically induced central muscarin- 
ic excitation.” Nuclear volume was 
not assessed in the present study since 
in our experience measurement error 
using micrometry is threefold to ten- 
fold greater than with RNA cytopho- 
tometry, ie,c 3% to 10% depending on 
whether one used ocular filar microm- 
etry or conventional ocular microme- 


try. 

In any event, the present study 
lends further support for the utility of 
neuronal RNA assay as an adjunct to 
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classic ultrascructural and cytopa- 
thological hallmarks of AD and PD. 
Although the method does not permit 
detection of specifie disease-related 
changes in RNA expression, it does 
provide one with a quantitative as- 
sessment of alterations in the func- 
tional capacity of neurons for synthe- 
sizing proteins. Furthermore, unlike 
biochemical procedures where assays 
typically require large numbers of 
cells in an aliquot, cytophotometric 
RNA analyses are performed on a 
single-cell basis, thus enabling one to 
obtain information on the proportion 
of neurons in specific brain regions 
that exhibit nucleic acid manifesta- 
tions of disordered protein synthesis 
in various disease states. 
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Altered Cortical Serotonergic Binding 


D. Larry Sparks, PhD 


@ The binding of tritiated serotonin 
and tritiated spiperone to crude mem- 
brane preparations from human frontal 
poles was determined in both controls 
and subjects with Alzheimer’s disease 
(AD). Using the dopamine-specific recep- 
tor antagonist sulpiride, spiperone bind- 
ing in the cortex was shown to be essen- 
tially serotonergic. A decline in both sero- 
tonin and spiperone binding was found in 
normal aging, and an AD-related decrease 
was found for spiperone binding only. The 
AD-related decrement of spiperone bind- 
ing occurred irrespective of patient age 
and duration of disease. Scatchard analy- 
sis indicates that both age- and disease- 
related decrements represent a decrease 
in receptor number. 

(Arch Neurol 1989;46: 138-140) 


he dementia of Alzheimer’s disease 

(AD) has been correlated with the 
presence of abundant senile plaques 
(SPs) and neurofibrillary tangles 
(NFTs) in the neocortex and hippo- 
campus.’ A major advance in the 
understanding of the pathophysiology 
of AD has been the demonstration of 
profound reductions in the presynap- 
tic biochemical markers for acetylcho- 
line neurons in the hippocampus and 
neocortex of affected individuals. 
Numerous laboratories have demon- 
strated 70% to 90% reductions in the 
specific activity of choline acetyl- 
transferase (ChAT),?° the synthetic 
enzyme of acetylcholine. The demen- 
tia of AD has also been correlated 
with reductions of cholinergic mark- 
ers in the cortex and hippocampus,’ 
although there has been a recent 
report that in older subjects with AD, 
ChAT activity in the cortex is not 
reduced compared with age-matched 
controls.’ 

An increasing body of data suggests 
that the serotonergic system, origi- 
nating primarily from  brain-stem 
midline raphe nuclei,’ is affected in 
AD. Brain serotonin content®*” and 
uptake,” and serotonergic cell density 
in the raphe, are reduced in AD.'*!5 
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In independent studies, both sub- 
populations of cortical serotonin type 
1 and 2 receptors (S, and S,) have been 
shown to be decreased in aging” and 
AD,” although more recent reports 
indicate that S, binding is not reduced 
in the AD cortex.” This laboratory 
now reports age- and AD-related 
changes of serotonergic binding, 
determined concomitantly, in the 
frontal pole (Brodmann’s areas 10 and 
11). 


MATERIALS AND METHODS 


Frontal poles from a total of 49 controls 
and 22 subjects with AD were used in these 
studies. The dorsal putamen from four 
young controls was used for analysis of 
sulpiride displacement of spiperone bind- 
ing. All postmortem tissue (cortex 
trimmed of white matter) was stored at 
—70°C until use and was collected within 
24 hours of death to avoid any extended 
postmortem interval effects on spiperone 
binding.” The postmortem interval was 
based on the time between cardiorespirato- 
ry death and tissue storage. 

Sections of the frontal pole, temporal 
cortex, hippocampus, and amygdala were 
reviewed for SPs and NFTs after staining 
by Bielschowsky’s method. The conditions 
of the patients with AD were diagnosed 
using criteria developed by the National 
Institute on Aging work group.” Controls 
had NFTs and SPs that were consistent 
with their age; no other pathologic altera- 
tions were seen. The duration of AD was 
determined post hoc, based on the onset of 
symptoms. 

Tissue was prepared for binding to 
receptors by the methods of Marcusson et 
al. Tissue was homogenized by sonication 
in 5 vol weight per volume of 0.05 mol/L 
TRIS buffer (pH 7.7). This homogenate 
was centrifuged at 51000 g for 15 minutes. 
The pellet (P,) was resonicated in 0.05 
mol/L TRIS buffer (pH 7.7) to a final 
concentration of 500 mg of tissue per milli- 
liter. This solution was split in half and 
finally diluted to a concentration of 10 
mg/mL in the appropriate buffers for triti- 
ated spiperone and tritiated serotonin 
binding, by the methods of Creese and 
Snyder” and Nelson et al,” respectively. 
Single-point data, run in duplicate, were 
gathered using a final isotope concentra- 
tion of 1 and 2 nmol/L for serotonin and 
spiperone, respectively, and nonspecific 
binding was determined by adding 1 umol/ 
L of serotonin and butaclamol hydrochlo- 
ride, respectively. The final concentration 
of each isotope was varied between 0.1 and 
8 nmol/L in saturation (Scatchard) iso- 
therm-binding experiments. 

Protein determinations were done by the 


methods of Lowry et al,” and significance 
of differences was dome by analysis of 
variance, followed by two-tailed Student’s 
t tests. 

Data were grouped according to the sub- 
ject’s age at death; the ages of subjects 
with AD ranged from 59 to 39 years, and 
the ages of controls ranged from 6 to 87 
years. Subjects with AD were divided into 
four age groups as follows: 59 to 64 years, 
65 to 69 years, 70 to 79 years, and 80 to 89 
years. 


RESULTS 


No significant difference in the 
postmortem interval was found 
among any of the groups, and there 
was no significant difference in age 
between subjects with AD and their 
respective control group. No signifi- 
cant difference was found in the pro- 
tein concentration of the pellet (P,) 
used for binding studies between the 
frontal poles from subjects with AD 
and their respective age-matched con- 
trols. Therefore, data are presented as 
per milligram of wet tissue weight. 
There was no apparent difference in 
the duration of AD among the AD 
groups, although the lengzh of disease 
was somewhat shorter in older 
patients (Fig 1). 

Spiperone binding to frontal pole 
homogenates is relatively insensitive 
to displacement by the dopamine type 
2 (D,)-specific antagonist sulpiride. 
Sulpiride inhibits 80% of spiperone 
binding to presumed D, receptors at a 
concentration of 1 mol/L in the puta- 
men (Fig 2). Between 1 and 10 uwmol/L 
of sulpiride inhibits an additional 
10% of spiperone binding in the puta- 
men. In the frontal pole, spiperone 
binding is unaffected by 1 uwmol/L of 
sulpiride and is inhibited 80% by 10 
„mol/L of sulpiride (Fig 2). 

A gradual, but significant, age- 
related decrease in spiperone binding 
was found in the frontal pole between 
the third and seventh decades (43%) 
in controls; the level of binding was 
stable thereafter (Fig 3). A further 
significant decrement of spiperone 
binding (30% to 50%) was found in 
the frontal pole from all subjects with 
AD compared with their respective 
control groups (Fig 3). 

Scatchard analysis of spiperone 
binding to the frontal pole membrane 
indicates that both the age- and AD- 
related decrements are a reflection of 
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Fig 1.—)uration of Alzheimer’s disease 
(closd suares). Years between onset of 
dementia and death of subjects investigated is 
plotted according to their age az death + SD 
(+ range n case of youngest group). Onset of 
symptoms could not be determined for three 
subjects with Alzheimer’s disease. Number of 
subjects & indicated in parentheses. 


Gecmeased receptor number (Bma) 
without an effect on the receptor- 
ligaad affinity (dissociation constant 
[ky]} (Tanle). 

As age-related decrement of sero- 
tinia binding was found in the frontal 
pole between the fifth and the end of 
the sixta decades (33%) in controls, 
and the level of binding activity was 
stabee thereafter (Fig 4). No signifi- 
cant diffrences in serotonin binding 
were found in the frontal pole in sub- 
jects with AD, although the absolute 
bind ng was lower in younger subjects 
with A Drompared with older subjects 
with AD Seatchard analysis of sero- 
tenin bimding to the frontal pole indi- 
cates that the age-related change is 
also a redection of decreased receptor 
numoer {B,,,.) without an effect on 
receptor4igand affinity (kg data not 
shovan). 


COMMENT 


Al-hovzh both age- and AD-related 
decreases of serotonergic binding in 
cortical issue have been previously 
reported.” these parameters have 
net beem determined simultaneously 
in a sing= study, to my knowledge. In 
this study, significant decrements of 
serotonemgic binding were a result of 
decreasee receptor number. Serotonin 
binds to 5, reeeptors,* and spiperone 
binds to both D, and S, receptors.” 
This stucy has reaffirmed that spipe- 
rone binds predominantly to the S, 
receptor m the cortex by showing that 
spipæone binding in the frontal pole 
is net @splaced by the D,-specific 
antagonist, sulpiride, at concentra- 
tiens knoern to inhibit maximally spi- 
perome bimding to D, receptors in the 
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Fig 2.—Displacement of tritiated spiperone binding by sulpiride in human patamen and frontal 
pole. Percent of displacement is plotted vs log of drug concentration. Sulpiride at concentration of 
1 umol/L maximally inhibits spiperone binding to dopamine type 2 receptors in human putamen. 
Displacement of binding in putamen at 10 pmol/L of drug concentration & presumed to be 
inhibiting serotonin type 2 receptors. Sulpiride does not inhibit spiperone binding to frontal pole at 
concentrations displacing dopamine type 2 receptors but does at concenrations displacing 
serotonin type 2 receptors. 
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Fig 3.— Age-related changes of tritiated spiperone binding in frontal pole from 20th subjects with 
Alzheimer’s disease (closed squares) and controls (closed circies). Binding activity (femtomoles 
[fmol] per milligram [mg] of wet weight [wt] + SEM) is plotted according to age groups outlined in 
“Materials and Methods” section. There was no significant difference in postmortem interval 
among any group, and there was no difference in age between individual Alzheimer’s disease 
groups and their respective controls. Number of subjects is indicated in paremtheses. 


Age- and AD-Related Changes in Saturation Isotherm (Scatchard)-Binding 
Constant of Tritiated-Spiperone Binding in Frontal Pole* 


Bmax, fmol/mg 
wt + SEM 


Receptor-Ligand Affinity, kg, 


Age Group, y nmol/L + SEM 
Controls 
20-58 12.6 + 0.9 


8.6 + 1.6f 


0.89 — 0.12 
0.77 = 0.10 


Subjects with AD 
59+ 


§.2 + 1.24 0.69 = 0.10 


* AD indicates Alzheimer's disease; Bmax, receptor number; wt, weight; and kg, dissociation constant. 
tP < .05 compared with younger controls. 
+P < .05 compared with age-matched controls. 


Alzheimer’s Disease— Sparks 139 


a 





wo — 


nm 


fmol/mg Wet wt + SEM 


i 
; 
3 
z 


— 


Fig 4.—Age-related changes of tritiated sero- 
tonin binding in frontal pole from both subjects 
with Alzheimer’s disease (closed squares) 
and controls (closed circles). Binding activity 
(femtomoles [fmol] per milligram [mg] of wet 
weight [wt] + SEM) is plotted according to 
age groups outlined in ‘‘Materials and Meth- 
ods” section. There was no significant differ- 
ence in postmortem interval among any group, 
and there was no difference in age between 
individual Alzheimer’s disease groups and 
their respective controls. Number of subjects 
is indicated in parentheses. 


putamen (Fig 2; 1.0 wmol/L). 

Decrements of serotonergic binding 
in aging are the result of a decrease in 
receptor number. Because it is un- 
known if S, and/or S, receptors are 
presynaptic or postsynaptic, it cannot 
be determined if the age-related dec- 
rement of these receptors is a reflec- 
tion of age-related loss of cells in the 
raphe nuclei (primary raphe-cortical 
projections have been described), or 
that there is an age-related loss of 
dendrites, terminals, or soma of neu- 
rons from a different neurotransmit- 
ter system. Interestingly, S, receptors 
have been shown to reside on presyn- 
aptic terminals of cortical cholinergic 
neurons,” and cholinergic presynaptic 
markers in the cortex have shown 
age-related decrements,’ whereas cor- 
tical serotonergic binding (S, and S, 
receptors) stabilizes in the seventh 
decade. 

The age-related changes of seroton- 
ergic binding that occurred in the 
cortex of subjects with AD are very 
interesting. Although there were no 
significant AD-related changes in 
serotonin binding in the frontal pole, 
there was an apparent increase in 
activity that was almost significant at 
the level of a trend (.1 < P< .05) in 
the oldest patients with AD investi- 
gated (80 to 87 years) compared with 
both age-matched controls (80 to 89 
years) and the youngest subjects with 
AD. The meaning of this is not clear, 
but speculation may lead to up-regu- 
lation in light of a critical level of 
deterioration or supersensitivity.”° 
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The aging curve of serotonin bind- 
ing in the cortex of controls crosses 
the aging curve of serotonin binding 
in patients with AD. This also appears 
to be the case with cholinergic presyn- 
aptic markers in the cortex. It has 
been shown that there are 70% to 90% 
reductions of ChAT in AD, but not 
in the frontal cortex if one groups 
patients with AD according to small 
increments of age (at death).’ In the 
case of cortical ChAT activity, the 
aging line of deterioration crosses the 
AD line of decrement at approximate- 
ly 75 years of age.’ The AD aging 
curve of spiperone binding in the fron- 
tal pole does not cross the aging curve 
of controls. In fact, there appears to 
be an AD-related decrease of spipe- 
rone binding to a similar level in all 
the AD age groups. Because of an 
equally extended disease duration in 
each subject with AD, it is impossible 
to determine if S, decrements in the 
cortex of subjects with AD occur at 
the onset of the disease or develop 
during its course. 
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A Verbal Memory Test With High Predictive Accuracy 
for Dementia of the Alzheimer Type 


David S. Knowman, MD. Soren Ryberg, MD 


€ The mot common early deficit in 
patents with Alzheimer’s disease (AD) is 
in recent mervory. Distinguishing patients 
with AD from normal elderly individuals, 
using cusrenty available memory tests, is 
limited by ther lack of suitability for bed- 
side use or far large-scale screening. We 
have devisec a new memory test, a 
delayed worc recal! (DWR) test, that is 
both brief ani efficient. It was designed 
specifically tc maximize the likelihood of 
poor per*ormence in patients with AD and 
minimize the likelihood of poor perfor- 
mamce in nomal elderly subjects. The 
DWA tes uses required elaborative pro- 
cessing ef to*be-remembered words and 
delayed free recall. Fifty-five normal 
elderly subjects and 28 patients with pos- 
sible or probable AD were tested. The 
everall predictive accuracy of the DWR 
tesbwas 95.2%. In addition, scores on the 
DWP tesi in norma subjects were not 
correlated wih education or age. The 
inclusion of the DWF test in a previously 
studied cegnifve detection battery for AD 
resutted in a censiderable improvement in 
precictive accuracy. 

(Ach Neur 1989°46:141-145) 


æent memory disturbances are 
among t-e earliest clinical mani- 
festatioms of dementia due to Alz- 
heimer’s disease (AD). Further- 
more, the meuropathologic changes 
most comsistently cbservec in AD are 
in the hippocampal formation, a 
region knowr to be critica! for recent 
memory. The most consistent neuro- 
transmitter dhanges in AD are in the 
cholinergic system,’ which also has 
beer strengly linked to memory func- 
tion * In eonsclering the pivotal role of 
neumopsychebgical testing in the 
diagnosis ot dementztia,’ currently 
avai able memory tests!™* do not dis- 
criminate as well as one would expect 
between patients with dementia and 
normal elderiy subjects. There is a 
need for the eevelopment cf memory- 
testing proeedures that provide both 
high sersitiwity and specificity for 
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AD. This need is particularly acute in 
the context of bedside evaluations and 
large-scale screening, where lengthy, 
standard tests are impractical. 

The memory deficits in early AD 
are most readily apparent in tests of 
learning new material, both verbal 
and visuospatial, and retrieving the 
information with minimal cuing.: 
There is a relative preservation of 
immediate span,'?!*'>!® but the rate of 
forgetting may be quite rapid within 
the first several minutes after expo- 
sure." Memory test paradigms that 
commingle immediate span and 
supraspan retrieval, as occurs in any 
immediate-recall task, may yield 
scores in patients with very mild AD 
that approach the normal range. 
Mildly demented patients with sub- 
stantial memory deficits in delayed 
recall may be able to use their intact 
immediate-span functions”? to achieve 
high scores in immediate-recall tasks. 
Furthermore, patients with AD and 
other amnesics may perform reason- 
ably well on tests of recognition mem- 
ory"! and in some cued-recall for- 
mats.” 

Normal elderly subjects sometimes 
perform poorly on standard memory 
testing,*** which probably accounts 
for the lack of specificity of standard 
memory tests. In our view, this is not 
an insurmountable problem. Normal 
elderly individuals are less likely than 
younger individuals to engage in spon- 
taneous elaborative processing at the 
time of encoding.» Recall in normal 
elderly subjects can be substantially 
enhanced if they are required to 
engage in the elaborative encoding, as 
opposed to allowing them to devise 
their own encoding strategy. In most 
standard clinical memory-testing par- 
adigms,”*”’ the type of encoding strat- 
egy is not constrained. Subjects are 
free to adopt their own strategies and, 
hence, their performance may not 
equal their true competence. Elabora- 
tive encoding provides a substantial 
benefit to normal elderly individu- 
als,** but confers only a minimal 
advantage to patients with AD.''* One 
hypothesis that accounts for the 
memory deficits in patients with AD 
has pinpointed the defect at the level 
of encoding.’* By this account, no 
amount of effort on the part of the 
patient with AD at the time of acqui- 


sition can circumvent the defect in the 
transformation of the to-be-remem- 
bered material into a form suitable 
for long-term retentien. 

Given the above observations, we 
concluded that the optimal memory 
test procedure for the early diagnosis 
of dementia due to AD should involve 
(1) a study phase in which the subject 
was required to engage in elaborative 
encoding, (2) a delay interval, and (3) 
a test phase that invclved free recall. 
The purpose of the present study was 
to determine the concerdance between 
the clinical diagnoss and perfor- 
mance on a memory-testing procedure 
devised according to zhe above crite- 
ria. Some of its psychometric proper- 
ties and its relationsh p to a previous- 
ly investigated cognitive detec- 
tion battery for dementia will be 
reported. 


SUBJECTS AND METHODS 
Normal Sub ects 


Fifty-five normal community-dwelling 
elderly individuals (Table 1) were recruited 
from a health maintenence organization 
(HMO). Two subjects received benzodiaze- 
pine therapy for sleep; nce of the subjects 
were receiving any otier psychoactive 
medications, and none nad a history of 
stroke, prior mental illness, mental retar- 
dation, head injury, severe visual loss, or 
active cancer. Seventeen subjects were 
receiving antihypertensive medications, 
two were receiving digoxm, and three were 
receiving thyroid replacement therapy. 
One subject had previously undiagnosed 
Parkinson’s disease. All traveled by them- 
selves to the HMO clinic where the testing 
occurred. All were seen by a neurologist, 
who reviewed their mecical records and 
performed a neurologic examination. In all 
cases, there was no mertion of cognitive 
impairment in their cherts. All subjects 
claimed to be independent in the instru- 
mental activities of daily living,” eg, shop- 
ping, transportation, anc managing their 
financial affairs. 


Dementia Subjects 


Five patients with dementia were also 
seen at the HMO. Anozher 23 patients 
diagnosed with dementia at the University 
of Minnesota Alzheimer Clinic, Minneapo- 
lis, were also tested (Table 1). All patients 
seen in the university clinic and the three 
patients with dementia from the HMO 
with probable AD had had computed 
tomographic scan findings, thyroid func- 
tion test results, and vitanin B,, levels that 
were not diagnostic of other conditions. As 
part of the clinical evaluation, an assess- 
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ment of the presence of depression was 
performed. While some of the patients 
admitted to some of the vegetative symp- 
toms associated with depression, none 
admitted to persistent dysphoria or melan- 
cholia. No formal assessment tool for 
depression was used, however. These 28 
patients represented a set of consecutive 
referrals to the study, with the only addi- 
tional stipulation to their inclusion that 
they scored 18 or higher on the Mini- 
Mental State (MMS)” examination. This 
latter requirement was meant to ensure 
that a sample of individuals with mild 
dementia was studied. Of the 28 patients 
with dementia, 26 fulfilled the criteria’ of 
the National Institute of Neurological and 
Communicative Disorders and Stroke, 
Bethesda, Md, and Alzheimer’s Disease 
and Related Disorders Association, Chica- 
go, for probable AD, and two fulfilled the 
criteria for possible AD only. In all cases, 
both possible and probable, the diagnosis 
was established with a clear history from a 
reliable informant (spouse or adult child) 
that cognitive dysfunction had become 
apparent in the patient for at least a 
one-year’s period. The diagnosis of possi- 
ble, as opposed to probable, AD in two 
study patients was made solely on the 
basis of memory function being the only 
impairment, as noted by history. 

All five patients with dementia who 
were recruited from the HMO had been 
referred to the study by their internists 
with the diagnosis of AD, which was cor- 
roborated by the study neurologist. Among 
the patients seen at the university clinic, 
all had been referred because of the diag- 
nosis of dementia, which was confirmed by 
the study neurologist. The presence of 
objective cognitive impairment was also 
corroborated by standard neuropsycholog- 
ical testing in all of the patients from the 
university clinic. It should be emphasized 
that the results of the experimental neu- 
ropsychological tests were not used in the 
diagnostic process. 

Oral informed consent was obtained 
from all subjects. Informed consent from 
caregivers was obtained from all patients 
with dementia as well. 


The Cognitive Battery Including 
the Delayed Word Recall (DWR) Test 


Among the neuropsychometric batteries 
that have been reported in the literature, 
that of Pfeffer et al”? was selected for use 
in this study because of its previously 
described precision. It consists of the MMS, 
Raven’s Colored Progressive Matrices 
(RCPM)," and the Symbol-Digit (SD) 
Modalities? tests. Since the MMS or a 
related mental status examination was 
used in the diagnostic evaluation of all 
subjects, scores from the MMS examina- 
tion will not be used in analyses except to 
demonstrate a replication of the findings 
of Pfeffer et al.” 

The administration of the experimental 
cognitive battery was carried out as fol- 
lows. The MMS was administered first. 
Then, the learning phase of the memory 
test, the DWR, was administered. The 
RCPM was given next. Then, recall of the 
DWR words was sought. Finally, the SD 
was administered. The items from the 
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Age, y 


———————w 
Range 


65-85 


Normal subjects 
Patients with 
Alzheimer’s disease 


*N=55. 





Table 2.—Relationship of Psychometric Tests to Age and Education in Normal Subjects * 
r 

_ TT 

Test Ag Education 


e 


Highest Educational 
Level, y 
a 
Mean Range 


59-86 





tP < .002. All other correlation coefficients were not statistically significant. 


RCPM were from parts AB (items 7, 9, and 
11) and B (items 1, 3, 5, 7, 9, and 11). In this 
test, the subject was asked to select from 
six choices the item that best completed an 
incomplete visual pattern. The SD test was 
a 90-s timed test in which the subject 
matched a number from one to nine with a 
sequence of symbols based on a key at the 
top of the test form. 

In the DWR test, a set of ten common 
nouns was presented, one word at a time. 
The following words were taken from lists 
B and C of the Rey Auditory Verbal List 
Learning Test”: chimney, salt, harp, but- 
ton, meadow, train, flower, finger, rug, and 
book. In response to reading each word on 
a 3X5 index card, the subject was 
required to make up a sentence using the 
word. A second exposure to the list imme- 
diately followed and used the same format. 
On the second exposure, the subjects were 
again told to make up a sentence using the 
word, even if it was the same one as used 
previously. In this way, elaborative pro- 
cessing of the to-be-remembered items was 
induced. All of the patients with dementia 
in this study had no difficulty in correctly 
performing the sentence-generation task. 

After a five-minute interval, during 
which the RCPM was given, recall of the 
items was sought. At the time of retrieval, 
no cues were given, but the examiner 
allowed the subject ample time and pro- 
vided verbal encouragement to try to recall 
the words. Although 30- to 60-minute 
delays are typically used in the neuropsy- 
chology laboratory, we chose a short (five- 
minute) delay for two reasons. First, in 
patients with AD, there appears to be little 
additional loss beyond ten minutes after 
exposure to the words,'*'’ so that a one- 
hour delay would not put the patients with 
AD at any greater relative disadvantage 
compared with the normal subjects than 
would a five-minute delay. We also found 
in pilot testing that a 15-minute delay 
prior to recall tended to lower slightly the 
performance of normal elderly subjects, 
compared with a five-minute delay. In 
addition, since the DWR test was designed 
for use in screening examinations, a short 
delay interval would best fit the circum- 
stances. 


Table 3.—Six-Month Test-Retest 
Reliabilities of Screening Battery 
in Normal Subjects * 


Raven’s Colored Progressive 
Matrices 

Symbol-Digit Modalities 

Delayed word recall 





Statistical Methods 


Associations between psychometric test 
scores and demographic variables were 
evaluated using Pearson’s correlation coef- 
ficient. Test-retest reliabilities were also 
calculated using Pearson's correlation 
coefficient. Differences on individual tests 
between groups were analyzed using Stu- 
dent’s t test. To investigate the degree to 
which psychometric test scores predicted 
diagnostic group membership, discrimi- 
nant function analyses were performed 
using the BMDP, Berkeley, Calif, program 
TM.” A randomly selected half of the 
patients and control subjects was used to 
develop the discriminant function equa- 
tion, which was then applied to the other 
half of the participants. 


RESULTS 
Age and Education Correlations 


In normal subjects, the scores on 
the DWR test were not correlated 
with either age or educational level 
(Table 2). Note that the narrow age 
range of the sample, 65 to 85 years, 
attenuated any relationship between 
age and test performance. On the oth- 
er hand, scores on both the SD and the 
RCPM examinations showed strong 
correlations with educational level. 
The MMS scores shewed a nonsignifi- 
cant trend in the same direction. 


Reliability Studies 


Test-retest reliability of the DWR, 
RCPM, and SD tests was evaluated in 
26 normal subjects, six months after 


Verbal Test—Knopman & Ryberg 


‘What do you mean 

by ‘starting early 
inthe treatment 

of Parkinson's disease?” 


Start therapy 
as soon as signs and symptoms 
first impair daily activities 


For most patients with Parkinson's disease, 


Sinemet 


o A 


Right from the start 


SINEMET is contraindicated in patients receiving monoamine oxidase 
iahibitors (these inhibitors must be discontinued at least two weeks prior 
t initiating therapy with SINEMET); in patients with known hypersensitivity 
to this drug: in patients with narrow-angle glaucoma; and in patients 

with suspicious, undiagnosed skin lesions or a history of melanoma. 


Fara Brief Summary Of Prescribing Information, please see the following page. 
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Dosage Guidelines 
Individualized dosage—a key to clinical 
success with SINEMET 

@ begin when symptoms first interfere with 
normal function 

@ adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 
a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may 
be given separately or combined as needed 
to provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be 
started on one tablet of SINEMET 25-100 
t.i.d. or q.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 
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Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse re- 
actions, it is necessary to individualize therapy. 
See the WARNINGS (below) and DOSAGE AND AD- 
MINISTRATION sections in the Prescribing Infor- 
mation before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET 
should not De given concomitantly. MAO inhibitors 
must be discontinued at least 2 weeks prior to initiating 
therapy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levocopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the previous levodopa dosage. (See 
DOSAGE AND ADMINISTRATION section of Prescrib- 
ing Information.) Patients taking SINEMET should be 
instructed not to take addit onal levodopa unless pre- 
scribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be ob- 
served carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution pa- 
tients with past or current psychoses. Because carbi- 
dopa permits more levodopa to reach the brain and, 
thus, more Gopamine to be formed, dyskinesias may 
occur at lower doséges and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to pa- 
tients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for in- 
tensive Cardiac care. 

As with levodopa, there is possibility of upper GI 
hemorrhagesn patients with history of peptic ulcer. 

A symptom camplex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and in- 
creased semum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore patients should be ob- 
served carefully when the dosage of SINEMET is 
reduced abruptly or discontinued, especially if the pa- 
tient is receiving neuroleptics. 

Usage ia Pregnancy and Lactation: Although ef- 
fects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skele- 
tal malformations in rabbits. Use of SINEMET in women 
of childbearing potential requires that anticipated ben- 
efits of the drug be weighed against possible hazards 
to mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Chilaren: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations 
of hepatic, hematapoietic, cardiovascular, and renal 
function are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as al- 
kaline phosphatase, SGOT (AST), SGPT (ALT), lactic 
dehydrogenase, and bilirubin. Abnormalities in pro- 
tein-bound iedine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of bload urea nitrogen, creatinine, and uric acid 
are lower during acministration of SINEMET than with 
levodopa. 


SINEMET® (Carbidopa-Levodopa, MSD) may 
Cause a false-positive reaction for urinary ketone 
bodies when atest tape is used for determination of ke- 
tonuria. This reaction will not be altered by boiling the 
urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glu- 
cosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET. 

Symptomatic postural hypotension can occur 
when SINEMET is added to thetrea*ment of a patient re- 
ceiving antihypertensive drugs. Trerefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may be requ red. For patients re- 
ceiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS (above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskiresia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET. 

Phenothiazines and butyrophencnes may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Par<inson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET 
should be carefully observed for loss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET arechoreiform, dys- 
tonic, and other involuntary movemerts. Other serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episodes, depression 
with or without development of suicidal tendencies, 
and dementia. Convulsions.also have occurred; how- 
ever, a Causal relationship with SINEMET has not been 
established. 

Acommon but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irreg- 
ularities and/or palpitation, orthcstatic hypotensive 
episodes, bradykinetic episodes (the “on-off” phe- 
nomenon), anorexia, vomiting, and dizziness 

Rarely, GI bleeding, development of duodenal ul- 
cer, hypertension, phlebitis, hemolytic and non-hemo- 
lytic anemia, thrombocytopenia leukopenia, and 
agranulocytosis have occurred. 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), 
SGPT (ALT), lactic dehydregenase, bilirubin, blood 
urea nitrogen, protein-bound iodine, and Coombs test. 

Other adverse reactions that Fave been reported 
with levodopa are: Nervous System ataxia, numbness, 
increased hand tremor, muscle twitching, muscle 
cramps, blepharospasm (which may be taken as an 
early sign of excess dosage. consideration of dosage 
reduction may be made at this time), tr smus, activation 
of latent Horner's syndrome. Psychiatric: confusion, 
sleepiness, insomnia, nightmares, hallucinations, de- 
lusions, agitation, anxiety, euphoria. Gastrointestinal: 
dry mouth, bitter taste, sialorrhea, dysphagia, bruxism, 
hiccups, abdominal pain anc distress, constipation, di- 
arrhea, flatulence, burning sensation of tongue. Meta- 
bolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRA!NDICA- 
TIONS), flushing, increased sweating, dark sweat, skin 
rash, loss of hair. Genitourinary: urnary retention, uri- 
nary incontinence, dark urine, oriapism. Special 
Senses: diplopia, blurred vision, diated pupils, oculo- 
gyric crises. Miscellaneous weakness, faintmess, fa- 
tigue, headache, hoarseness, mélaise, hot flashes, 
sense of stimulation, bizarre breathing patterns, neuro- 
leptic malignant syndrome. 

Overdosage: Management of acu’e overdosage with 
SINEMET is basically the same s management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 25- 
100, and SINEMET 25-250 are supp ied in bottles of 100 
and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and Tablets SINEMET 25-250 
must be protected from light 


For more detailed informatien, consult MSD D 
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scribing Information. Merck Sharp & MERCK 
Dohme, Division of Merck & Co, Inc., S 
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A Comparison of Dementia in 
A zheimer’s Disease and Multiple Sclerosis 


Christopher M Filley, MD; Rebert K. Heaton, PhD; Lorene M. Nelson, MS; 
JackS. Burks, MD: Gary M. Franklin, MD, MPH 


e We compared results of comprehen- 
sive neurepsechologica! testing in 42 
patieats with clinically diagnosed Alz- 
heimer’s disesse (AD) and in an equal 
numser of patents with clinically definite 
chresiic-progressive multiple sclerosis. 
Ace. sex, and educatien were controlled 
usine demographically corrected T 
scores based on a large normal sample. 
Bott growps showed significant impair- 
men on the test battery, but the degree 
of G=mertia was more severe in the 
patients with AD. A deviation score analy- 
sis, eontrollinc for overall level of cogni- 
tive mpairmert, reveaied significant dif- 
feremees between the groups. Alzhei- 
mer= disease was associated with rela- 
tively greater impairment of learning, 
memary, and verbal skills, whereas the 
MS q@>up showed greater relative impair- 
menðof attention, incidertal memory, and 
psye=omotor functions. These data sug- 
gest that both the degree and pattern of 
mente! impairment differ in patients with 
AD æd patieres with multiple sclerosis. 
Our =sults support a distinction between 
“gra matter” «nd “white matter” demen- 
tia, aad may ^elp clarify the issue of 
“‘cogfical’ vs ‘subcorticel’’ dementia by 
demonstrating neuropsychological differ- 
ences based « secure 1europathologic 
distinctions. 

(Sach Neuro» 1989;46:°57-161) 
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Alzheimer’s disease (AD) is the most 

common dementing illness in the 
United States.! Characterization of 
the intellectual impairment in AD has 
led to the concept of “cortical” demen- 
tia, in which amnesia, aphasia, aprax- 
ia, and agnosia are said to be promi- 
nent.2 In contrast, a “subcortical” 
dementia, such as that which accom- 
panies progressive supranuclear palsy 
(PSP), has deficits described as for- 
getfulness, slowness, apathy, and 
depression.’ Apart from the disorders 
of movement that typically accompa- 
ny the subcortical dementias, distin- 
guishing features of these syndromes 
have not been established with cer- 
tainty. Parkinson’s disease (PD), for 
example, may cause a subcortical 
dementia, but evidence both support- 
ing‘ and refuting’ a significant clinical 
difference between the dementia syn- 
dromes of AD and PD has been pre- 
sented. Furthermore, neuropathologic 
distinctions are also somewhat vague; 
AD, for example, has prominent sub- 
cortical nuclear involvement,’ and 
some patients with PD have distinct 
cortical pathology.’ Systematic neu- 
ropsychological studies of different 
dementias have been rare,’ despite 
intriguing speculations about the neu- 
ropathologic basis for dementia syn- 
dromes. 





See also p 162. 





Multiple sclerosis (MS) has been 
relatively neglected in discussions of 
dementia. Undoubtedly, this is at 
least partly due to the subtlety of 
neurobehavioral impairment in most 
patients with MS compared with that 
in patients with AD or other types 
of dementia. Nevertheless, intellectu- 
al disturbances have been well docu- 


mented in MS, especially the chronic- 
progressive form of the disease (C-P 
MS).’ In addition, neuropsychological 
impairment in C-P MS has been corre- 
lated with the degree of white matter 
involvement demonstrated by mag- 
netic resonance imaging. It is rea- 
sonable to assume that MS is associ- 
ated with dementia, and that white 
matter involvement is the neuropath- 
ologic source of the impairment. A 
comprehensive review of the concept 
of MS as a subcortical dementia has 
recently been presented." 

In the present study, we elected to 
examine neuropsychological features 
of AD and MS ir order to address the 
cortical-subcortizal issue from a new 
perspective. Our approach, like that of 
others,’ is founded on the notion that 
a firm neuropatnologie distinction is 
necessary for the exploration of dif- 
ferential neurcbehavioral impair- 
ment. By focusing on AD and MS, we 
attempted to ascertain (1) whether a 
distinction between “gray matter” 
and “white matzer” dementia might 
have any value and (2) what light such 
a distinction could shed on the corti- 
cal-subcortical d2mentia controversy. 
To pursue these goals, we used a com- 
prehensive battery of neuropsycho- 
logical tests and controlled for fre- 
quently found differences in age, sex, 
and education by using demographi- 
cally corrected T seores. In addition, 
we controlled for overall level of cog- 
nitive impairmert in analyses specifi- 
cally designed to elucidate patterns of 
relative strengths and weaknesses. 


PATIENTS AND METHODS 


Forty-two patients with clinically diag- 
nosed AD were identified by reviewing all 
referrals of patients with suspected 
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dementia to our neuropsychology laborato- 
ry during the period 1975-1986. The clinical 
history, results of neurologic examination, 
and laboratory testing of each patient were 
evaluated by one of us (C.M.F.) indepen- 
dent of the neuropsychological test results. 
Patients were considered to have dementia 
if there was adequate clinical documenta- 
tion of an acquired, persistent impairment 
in at least three of the following areas: 
memory, language, visuospatial function, 
emotion or personality, and cognition.” 
Alzheimer’s disease was specifically diag- 
nosed if the course was progressive, if 
neurologic history and examination sug- 
gested no other significant illnesses (par- 
ticularly severe depression, cerebrovascu- 
lar disease, head injury, or excessive alco- 
hol consumption), and if laboratory evalu- 
ations failed to reveal other causes of 
dementia. All patients underwent bio- 
chemical screens, complete blood cell 
counts, and cerebral computed tomo- 
graphic scans. Electroencephalography, a 
serologic test for syphilis, thyroid function 
tests, tests to determine vitamin B,, and 
folate levels, and lumbar puncture were 
performed in patients as was clinically 
indicated. Individuals who qualified for the 
diagnosis of AD but who had other concur- 
rent illnesses, such as significant depres- 
sion or stroke, were specifically excluded. 
No attempt was made to separate those 
with early- (<65 years of age) or late-onset 
dementia. All 42 patients, who comprised a 
consecutive series, scored 5 or less on the 
Hachinski Ischemia Scale." All patients 
with AD met the Diagnostic and Statistical 
Manual of Mental Disorders, ed 3, criteria 
for primary degenerative dementia,“ and 
the NINCDS-ADRDA criteria for probable 
AD." Although our diagnosis of AD was 
based solely on clinical criteria, recent 
evidence suggests that such a method is 
correct in at least 90% of cases.! 

The patients with MS were all recruited 
from the Rocky Mountain Multiple Sclero- 
sis Center, and all but one had composed a 
C-P MS group that was described in a 
previous publication’; this patient was 
excluded from the initial group because of 
a reconsideration of his correct disease 
classification. The previous study’ was per- 
formed using all patients consecutively 
admitted to the Rocky Mountain Multiple 
Sclerosis Center who were between the 
ages of 20 and 50 years, who resided in the 
Denver metropolitan area, and who had no 
history of other neurologic illness, signifi- 
cant head injury, or substance abuse. Of 
100 patients who met these criteria, 57 had 
a relapsing-remitting disease course and 
43 were considered to have C-P MS." 
Chronic-progressive MS was defined as MS 
characterized by slow, steady progression 
of neurologic deficit without periods of 
significant remission. Patients with C-P 
MS were required to have had no acute 
exacerbations for six months prior to study 
entry. This group was selected for the 
current investigation because the previous 
study demonstrated higher prevalence and 
degree of cognitive impairment in patients 
with MS who have a chronic-progressive 
disease course.’ 

The two groups of 42 patients differed 
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Summary scores 
Rating 


Index 
Verbal IQ 
Performance IQ 
Full scale IQ 
Information 
Digit span 
Vocabulary 
Arithmetic 
Comprehension 
Similarities 
Picture completion 


Wechsler Adult 
Intelligence 
Scale subtests 


Block design 
Object assembly 
Digit symbol! 









Visual attention 
time 





errors 
Seashore Rhythm 
Test 
Seashore Tonal 
Memory Test 


Speech Sounds 
Perception Test 









Auditory attention 











Incidental Memory 





TPT location 





Test 


Thurstone Word 
Fluency Test 


PIAT reading 
recognition 


PIAT reading 
comprehension 


PIAT spelling 
Spatial relations 
Category Test 


Wisconsin Card 
Sorting Test 


Trails A 
Trails B 
TPT time 
Tapping 
Dynamometer 
Pegboard 
Steadiness 
Sensory errors 
Tactile Form 








Visuoconstructional skills 


Abstraction and 
cognitive flexibility 





Psychomotor function 







Motor function 





Sensory function 







Achievement Test. 


significantly in terms of mean age (65.56 
years for patients with AD; 41.31 years for 
patients with C-P MS) and sex distribution 
(57% men in the AD group; 36% men in the 
C-P MS group). Educational level in each 
group was similar (13.64 years for patients 
with AD; 13.52 years for patients with C-P 








Mean T-Scores and P Values for Group Comparisons on the Neuropsychological Battery * 


Average Impairment 


Halstead Impairment 


Picture arrangement 









Digit Vigilance Test 


Digit Vigilance Test 





Learning and Verbal learning 
delayed recall Nonverbal learning 
Verbal recall 
Nonverbal recall 
Language Aphasia Screening 











Recognition Test 





AD MS P Value 
29.71 .078 





33.36 


















35.77 (N = 40) 28.86 .007 
32.43 46.50 <.001 
30.36 35.29 .067 
29.76 40.98 <.001 
36.26 49.88 <.001 
41.14 48.83 <.001 
40.24 47.67 .003 
32.29 47.57 <.001 
35.83 47.50 <.001 
36.81 47.45 <.001 
36.02 45.93 <.001 
39.85 (N= 39) 44.05 .027 
35.68 (N= 41) 41.29 .026 
38.41 (N = 41) 39.40 .693 
37.08 (N = 36) 33.71 






42.00 (N = 23) 36.44 (N = 20) 










44.66 (N = 23) 39.34 (N = 20) 











43.78 






34.88 (N = 39) 
41.51 (N = 39) 























23.51 

30.11 43.65 <.001 
26.59 41.53 <.001 
33.00 44.67 <.001 
33.20 43.57 <.001 
37.49 43.09 .016 
47.00 (N= 41) 653.29 .026 
31.41(N=41) 48.81 <.001 
39.80 (N = 41) 





36.94 (N = 41) 
38.86 (N = 41) 














32.08 (N = 41) 
36.96 (N = 41) .002 
15.85 (N = 40) 
36.25 (N = 40) 





43.46 
36.80 
40.78 













*IQ indicates intelligence quotient; TPT, Tactual Performance Test; and PIAT, Peabody Individual 


MS). Duration of illness wes significantly 
longer in patients with C-P MS (12.50 vs 
2.79 years). 

All patients were administered a wide 
variety of neuropsychological tests as part 
of a comprehensive evaluation. The core 
test battery included the Halstead-Reitan 
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Deviation scores showing relative strengths and weaknesses of Alzheimer’s disease (AD) 
anc multiple sclerosis (MS) groups. IQ indicates intelligence quotient; TPT, Tactual 


Perormance Test. 


Battery and either the Wechsler Adult 
Intel geree Scale (WAIS) or the revised 
WAE (V AIS-R). Other tests included the 
Groawed Pegboard and Steadiness Test, 
the Dna Memory Test, the Digit Vigi- 
lance Test, tests of verbal and nonverbal 
learmimg and (four-hour) delayed recall, 
the Thusstome Word Fluency Test, the 
Peabedy ndividual Achievement Test, and 
the Wiscensin Card Sorting Test.’ A few 
patiexts m each group were unable to take 
somestests due to severe impairment of the 
abilities mvoived (Table). The Digit Vigi- 
lance’ es! of sustained attentien was given 
only © approximately half of zhe subjects 
because tae test was added to the battery 
midwey turough the study period. In the 
Table tests are arranged and zlassified so 
that ~=latively discrete areas of neurobe- 
havicral and neurologic funct-on are dis- 
played 

All aw test scores were converted to T 
sceres that were conrected for ge, sex, and 
education For most tests, this conversion 
was besec on the results of the 543 neuro- 
logically normal! subjects described in Hea- 
ton e al.’ Conversions for the WAIS-R 
were zasel on the results of tne WAIS-R 
standardizatien sample (N = _800).'* The 
use 0 these demographically corrected T 
scores had several advantages in the 
presen: study. First, it corrected for the 
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age and sex differences in our AD and MS 
groups. Second, it provided a correction for 
the two forms of the WAIS that were used. 
A recent study demonstrated the compara- 
bility of WAIS and WAIS-R T scores with 
respect to level, variability, and pattern of 
results.” Finally, use of T scores in the 
current study facilitated within-group and 
between-group comparisons across the dif- 
ferent tests in the battery, since all scores 
are on the same metric. 

For all variables except spatial relations, 
Kolmogorov-Smirnoff tests have shown 
the 7 scores of the large normative sam- 
ples to be normally distributed. The 7 
scores have a mean (in normal subjects) of 
50 and an SD of 10. Therefore, a T score of 
50 indicates that the individual performed 
exactly the way he or she should have, 
given that person’s demographic charac- 
teristics. T scores between 40 and 44 are 
considered to be below average or border- 
line, whereas T scores below 40 are consid- 
ered to be impaired. Statistical analyses of 
T scores of the AD and MS groups were 
performed using two-tailed ¢ tests. As 
noted above, only one of the 44 variables in 
this study has a somewhat skewed distri- 
bution in normal subjects; with the sample 
sizes we use, ¢ tests comparing group 
means are quite robust with respect to 
potential biases resulting from nonnor- 


mality of score distributions or heteroge- 
neity of variance.””! 


RESULTS 


The Table presents the group mean 
T scores and results of linear con- 
trasts on all variables in the battery. 
It can be seen that many mean T 
scores for both groups fell into the 
borderline or impaired range, indicat- 
ing that a wide variety of cognitive as 
well as motor and sensory deficits 
occur, not only in patients with AD 
but also in patients with MS. The use 
of the term dementia therefore seems 
to be fully justified in both groups. 

With 44 group comparisons in the 
Table, some concern about “experi- 
mentwise” error rate is appropriate. 
Nevertheless, even when Bonferroni 
correction was used to set the P value 
for signifieance at .001 in individual 
comparisons, 17 variables still showed 
significant group differences. Clearly, 
the groups differed in their perfor- 
mance on this test battery. Moreover, 
of the 17 significant group differences, 
15 involved cognitive variables on 
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which the AD group did worse; the 
only two tests on which the MS group 
did worse assess motor function 
(speed and fine coordination). Demen- 
tia in the AD group was therefore 
more severe. 

In addition to overall level of per- 
formance on cognitive tasks, we were 
interested in determining whether 
there were any group differences in 
patterns of relative strengths and def- 
icits. To answer this question, it was 
necessary to control for the AD 
group’s more severe overall level of 
dementia. Accordingly, for each of the 
following selected variables, we com- 
puted subjects’ differences between 
their scores on that variable and their 
mean T score on this entire set of 24 
variables: verbal intelligence quo- 
tient, performance intelligence quo- 
tient, and all variables listed in the 
Table from the Digit Vigilance Test to 
the Tactual Performance Test time 
measure. Wechsler Adult Intelligence 
Scale subtests and motor and sensory 
measures were omitted from this 
analysis because group differences 
were already apparent for most vari- 
ables. The AD and MS groups were 
then compared on these 24 deviation 
scores, and the 12 most significant 
differences (mean, P = .009) are dis- 
played in the Figure. 

The only significant missing data 
were from the Digit Vigilance Test. 
Deviation scores on the two variables 
from this test could be computed only 
for 23 subjects with AD and 20 sub- 
jects with MS. However, these sub- 
groups appeared to be quite represen- 
tative of their parent groups. The 
respective group and subgroup mean 
T scores for this set of variables were 
35.4 and 35.6 for AD and 43.3 and 43.5 
for MS. 

Considered in relation to the MS 
group, and with the overall level of 
dementia controlled, the subjects with 
AD showed their greatest relative 
impairment on tests of verbal intelli- 
gence, verbal and nonverbal learning, 
verbal forgetting, and reading com- 
prehension. By contrast, the MS group 
showed greater relative impairment 
on tests of visual attention, auditory 
attention, incidental memory, and 
psychomotor function. 


COMMENT 


The results of this study suggest 
that neuropsychological profiles in 
AD and MS are distinctly different 
and that the neuropathologic involve- 
ment in these diseases dictates the 
degree and pattern of impairment. 
Several points deserve emphasis in 
light of these findings. 
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First, the cognitive deficits in our 
patients with MS were unequivocal. 
Many previous studies have demon- 
strated similar findings,” and the 
diverse nature of these impairments 
leaves no doubt that the term demen- 
tia is appropriate for many patients 
with MS.” Neurologists have been 
hesitant to ascribe dementia to demy- 
elinating disease, but substantial evi- 
dence now indicates that white matter 
damage can indeed account for 
dementia.””° 

It is not surprising that dementia in 
patients with MS has been largely 
overlooked. Demented patients with 
MS typically have less pronounced 
deficits in memory and language than 
other demented patients have—espe- 
cially those with AD—and our data 
provide confirmation of these distinc- 
tions. Since memory and language 
functions are those most often tested 
in clinical mental status evaluations, 
more subtle deficits may remain 
undetected. In addition, the progres- 
sion of dementia in demyelinating dis- 
ease is much less apparent and pre- 
dictable; in our study, patients with 
AD who had a disease course of less 
than three years had greater intellec- 
tual impairment than did patients 
with MS who had a disease course of 
more than 12 years. The recognition of 
dementia, however, is of clinical value, 
regardless of how subtle or obvious it 
may be. 

Perhaps more intriguing are the 
different patterns of impairment in 
AD and MS. Patients with AD had 
greater difficulty in most cognitive 
areas, including memory, language, 
visuospatial function, and higher cog- 
nition, and showed little motor or 
sensory deficit. In contrast, patients 
with MS had less dementia overall, 
but relatively greater motor deficit, 
and a tendency toward more impair- 
ment in sustained attention. 

These distinctions may help illumi- 
nate the issue of “cortical” vs “subcor- 
tical” dementia. Multiple sclerosis has 
not typically been listed as a subcorti- 
cal dementia,’ although it surely qual- 
ifies as one; indeed, the disease offers 
a useful opportunity to explore a 
dementia that is related to a well- 
understood disease process. Alzhei- 
mer’s disease and MS manifest differ- 
ent neuropathologic changes, one 
involving primarily cortical gray mat- 
ter degeneration, and the other char- 
acterized by demyelinative lesions in 
white matter. The separation is not 
complete, however, as optic nerve 
degeneration has recently been re- 
ported in AD,” and gray matter 
plaques are known to occur infre- 


quently in MS.” Nevertheless, the 
neuropathologic differences are dis- 
tinct enough to permit useful con- 
trasts at the level of neurobehavioral 
functioning. 

Our results provide qualified sup- 
port for the cortical-subcortical con- 
trast, but only in the context of our 
more specific disease groups. We pro- 
pose that a distinction between “gray 
matter” and “white matter” dementia 
offers a more specific contrast. The 
cortical-subcortical dichotomy is 
hampered by ambiguous neuropatho- 
logic differences, and coneeptual dis- 
tinction of these dementia is therefore 
more difficult. 

Albert et al’ initially proposed that 
subcortical dementia in PSP was due 
to a disruption of the timing and 
activation of intellectual processes. 
They speculated that intrinsic cortical 
functions such as memory and lan- 
guage were relatively intact, but that 
subcortical input to recruit these 
functions for normal intellectual 
activity was deficient? A similar situ- 
ation appears to pertain to our MS 
group. The cognitive deficits of these 
patients are generally less severe than 
those of patients with AD, but atten- 
tion is more affected. This implies 
that there may be a disruption of 
diffuse attentional systems arising 
from the brain stem and terminat- 
ing in the neocortex.” Alternatively or 
in addition, there may be damage to 
pathways originating in prefrontal 
cortex and terminating in posterior 
cortical areas, systems also involved 
in attentional function.” One may 
then speculate that the demyelinative 
plaques may “disconnect” brain-stem 
reticular formation and other subcor- 
tical gray matter structures from the 
cortex. Another possibility is that 
prefrontal cortex is disconnected from 
posterior cortical regions. It is evident 
that MS plaques are strategically 
located to result in such disconnec- 
tions, as demyelination tends to favor 
lateral periventricular and frontal 
lobe white matter.” 

A recent comparison of the neuro- 
psychological features of Hunting- 
ton’s disease (HD) and relapsing- 
remitting MS% is pertinent to our 
results. Although specific tests of 
attention were not given and the 
patients with MS represented a sub- 
group with milder impairment,’ 
results from the study showed many 
similarities between HD and MS with 
regard to cognitive deficit.** The defi- 
cits of patients with MS were summa- 
rized as indicating deficiencies of 
“modulation” and “tone,” most evi- 
dent in terms of inefficiency, mental 
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slowness, and poor memcry retriev- 
al.” These features closely resemble 
the “slowness” and “forgetfulness” 
originally cited in patients with PSP,’ 
andare alse :imilar to the inattention 
we have found. Patients with HD, 
however, had more problems with new 
laming, language, calculating, and 


copring, suggesting that the subcorti- 
cal nuclear involvement in HD 


resulted in differential cognitive 
impairment. _ndeed, while MS resem- 
bles HD, PSP, and probably other 
subeortical dementia syndromes, it is 
unreasonable to assume a uniformity 
within the eortical and subcortical 
catezories. Each syndrome is likely to 
have its owr profile, and the terms 
corteeal anc subcortical will only have 
meaning in æ broad classifying sense. 

Aaother recent study of interest is 
that ef van den Burg et al,” who 
evalaated 40° patients with MS and 
milc physics! disability. Although 
memory and other intellectual func- 
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tions showed impairment, attention 
was essentially intact. It is evident, 
however, that nearly half of these 
patients had relapsing-remitting MS, 
and such individuals clearly have less 
neuropsychological impairment than 
do patients with C-P MS.” Our 
patients had much more severe MS, 
and undoubtedly mere prominent 
cerebral demyelination; therefore, 
attentional and other deficits would 
be expected to appear. 

The present study does not address 
the issue of emotional changes, which 
often comprise a part of dementia 
syndromes*? and which have been 
listed as prominent in subcortical 
dementias.”* A growing body of litera- 
ture, however, suggests that depres- 
sion and particularly euphoria in MS 
are related to the presence of cerebral 
white matter plaques.“ Further 
investigation is required, but it is 
plausible that frontal-limbic discon- 
nection” or limbic system demyelin- 
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ation? may be gt leas: partly respon- 
sible for the emotional disturbances 
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clinical observations of neurobeha- 
vioral syndromes be ccnfirmed or dis- 
counted. 
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Cognitive Loss in Multiple Sclerosis 


Case Reports and Review of the Literature 


Gary M. Franklin, MD, MPH; Lorene M. Nelson, MS; Christopher M. Filley, MD; Robert K. 


è Neuropsychological and neuroradio- 
logic evidence of cerebral lesions is 
described for 12 patients with multiple 
sclerosis in whom cognitive disability was 
far greater than any other neurologic dis- 
ability. Cognitive dysfunction resulted in 
significant functional impairment at work 
or home in three fourths (9 of 12) of the 
patients described here, despite mild 
physical disability (mean Kurtzke Ex- 
panded Disability Status Scale score, 
3.2). A unique feature of the neurologic 
examination in these patients was the 
presence of prominent frontal release 
signs (gait apraxia and placing response) 
in the lower extremities. Two new scales, 
a Cognitive Function Scale and a Frontal 
Release Scale, were adapted for the 
investigation of these patients. The 
extensive literature relating to cognitive 
dysfunction in multiple sclerosis is 
reviewed and discussed with regard to its 
clinical relevance. 

(Arch Neurol 1989;46: 162-167) 


Recent studies'? have clearly demon- 

strated that neuropsychological 
deficits in patients with multiple scle- 
rosis (MS) are more frequent than has 
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been generally recognized. Several 
facts may account for the prior lack of 
awareness that functionally impor- 
tant cognitive disturbance can occur 
in MS as a significant and sometimes 
predominant problem. First, the 
degree of cognitive impairment is not 
significantly related to the degree of 
neurologic disability.'* Second, pa- 
tients with predominant periventric- 
ular demyelination, even with long- 
standing disease, may be considered 





See also p 157. 





mildly affected or “silent” with 
respect to neurobehavioral deficits.° 
Third, the bedside mental status 
examination normally performed by 
neurologists may not detect cognitive 
impairment in persons with MS.'? We 
have recently seen 12 patients at our 
center whose cognitive deficits were 
far more disabling than any other of 
their MS-related neurologic impair- 
ments. This report briefly describes 
seven illustrative cases, summarizes 
the findings in the entire group, and 
reviews the literature relevant to 
these findings. 


PATIENTS AND METHODS 


Patients were tested individually by 
trained neuropsychological technicians 
with one of two standardized test bat- 
teries: an eight-hour expanded Halstead- 
Reitan Battery (HRB) or our one-hour 
Neuropsychological Screening Battery 
(NSB). A brief overview of these test bat- 
teries is presented below. Detailed descrip- 
tions of the specific tests and abilities 
assessed are given elsewhere.'® 

The expanded HRB is a comprehensive, 
standardized test battery with demon- 
strated sensitivity to focal and diffuse 
cerebral lesions.’ It assesses the following 
abilities: problem-solving, attention/con- 
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centration, learning and delayed recall 
(verbal and nonverbal), intelligence, aca- 
demic skills, concept formation, persevera- 
tion, perceptual motor speec, visuospatial 
abilities, sequencing efficiency, sensory- 
perceptual functions, expressive and recep- 
tive language, and motor proficiency. To 
minimize practice effects, alternate forms 
of the learning/memory tests were used 
whenever patients were tested more than 
once. 

The NSB is a briefer set of standardized 
cognitive tests that were combined in an 
attempt to provide greater sensitiv.ty to 
cognitive deficits than elinical mental sta- 
tus examinations.*° The NSB also has dem- 
onstrated superiority to two widely used 
standardized mental status examination 
(the Mini-Mental State examination and 
the Cognitive Capacity Screening Exami- 
nation) in the detection of cognitive defi- 
cits in MS.‘ In addition, the NSB summary 
score was significantly correlated with the 
extent of white-matter involvement seen 
with magnetic resonance imaging (MRI).° 
The NSB consists of 18 subtests that assess 
the following abilities: verbal learning and 
memory, nonverbal learning and memory, 
attention/concentration, visuoconstruc- 
tional abilities, sequencing efficiency, psy- 
chomotor speed, expressive and receptive 
language, speech articulation, written flu- 
ency, and reading comprehension. Stan- 
dard cutoff values® for normal, mildly 
impaired, and very impaired were used to 
classify the degree of cognitive impairment 
on the NSB subtests and NSB summary 
score. 

The Kurtzke Expanded Disability Status 
Scale (EDSS)? was used as a measure of 
physical disability; brain-stem, cerebellar, 
and pyramidal deficits are heavily weight- 
ed in this scale. By centrast, two of the 
major clinical problems encountered in 
this series, cognitive impairment and low- 
er-extremity frontal release signs, are 
poorly represented or not represented, 
respectively, by the EDSS. Two scales were 
developed to enable functicnal classifica- 
tion of these clinical problems (Tables 1 
and 2). 
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‘The Cognitive Function Scale (Table 1) is 
a deseriptive method to grade the degree of 
impacrment of activities of daily living 
(parteularly employment) related to clini- 
cal cognitive dysfunetion. The cases 
desembed below are onganizei (Table 3) 
accomiing to this method of grading the 
functional impact of neurocognitive im- 
pairment. Similarty, the Frontal Lobe 
Relezse Sign Scale is purely a descriptive 
methed to grade the degree of lower- 
extremity frontal release. In tre course of 
our dinieal observation, for example, it 
was Gear that mild plaeing or grasping in 
the et is a less severe sign than gait 
apraczia. Thisescale, then, refleets this gra- 
dation of lower-extremity frontal release. 
Both scales were developed for descriptive 
purpeses only; further reliability and 
validity studies should be dene if these 
seales are applied in studies other than 
case series. 


REPORT OF CASES 
Cognitive Function Grade 1 (Table 1) 


Case 1—Acute exacerbation and pro- 
gresson ef cognitive symptoms responding 
te eyclophosphamide therapy is de- 
seribed. 

A §0-year-old woman presented to our 
center in January 1984 with a three-month 
histery ef dizziness and fcrgetfulness. 
Altheugh she had been diagnosed with MS 
in 183, she had experienced relapsing/ 
remitting symptoms since 1980. Her neuro- 
logic examination disclosed poor recent 
memery and mild left-sided pyramidal 
dysfemction. The Kurtzke EDSS score was 
35 Mabi 3). A computed tomographic 
(CT) scan (Fig 1, top left) revealed multiple 
periventricular lesions, at least three of 
whica appeared acute (ie, contrast enhanc- 
ing). Comprehensive neuropsychological 
testing with the HRB revealed a Wechsler 
Adul Intelligence Scale Full-Scale intelli- 
gence quotient of 94 and an HEB summary 
seorein tae mildly impaired range. Howev- 
er, she also showed severely impaired 
learrming and delayed recall of both verbal 
and ponverbal material. Because of lack of 
respamse to steroid therapy, the patient 
was ‘treated with azathioprine for the 
emsumg six-month period. During this 
time. she reported fewer memory difficul- 
ties. A repeated CT scan in August 1984 
revealed ‘hat some previously seen lesions 
had «isappeared, but that new lesions had 
appeared. Azathioprine therapy was dis- 
contimuec because of hepatic dysfunction. 
Repeated neuropsychotogical testing at 
this ime revealed improved concept for- 
matien but continued severe memory 
imparment. By October 1984, the patient 
repomted increased difficulty with cogni- 
tion n her work as a seeretary. An MRI 
sean cisciosed moderately severe periven- 
tricusar demyelination (Fig 1, top center), 
as well as multiple corpus callesum lesions 
(Fig _. tow right). Because of complaints of 
progzessive cognitive difficulzy, the pa- 
tient was admitted to the hospital for 
cycleghosphamide therapy.’ The patient 
has =xbsequently had three cyclophospha- 
mide boosts (700 mg/m?) in the one year 
fellowing initial treatment. No dramatic 
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Table 1.—Cognitive Function Scale 


Grade Description 


Normal function 

Mild alteration of 
living pattern; 
continues to work 
or function 
independently 

Moderate alteration of 
living pattern; 
unable to work due 
to cognitive 
impairment 

Severe alteration of 
living pattern; 
unable to function 
independently 


No signs 

Mild ower-extremity 
placing without 
galt apraxia 

Clear lower-extremity 
placing with mild 
to noderate gait 
aptaxia 

Severe gait apraxia; 
may require aids 


Table 3.—Demographic and Clinical Summary of Patients (N = 12)* 


Disease 
Patient No./ Duration, 
Age, y/Sex y 


EDSS 
Score 


Kurtzke 


Frontal 
Release 
Grade 


Disease 
Course 


Newropsychologic 
Deficitt 


Cognitive Function Grade 1 


1/30/F 3.5 


0 R/R VL, VM, NVL, NVM 





CS, NVAP 


2/27/F 2.5 o R/R NVM 


4 
3/30/F 6 1.5 


1 R/R NVL, NVM, AC, 


V5A, LA 


Cognitive Function Grade 2 


4/42/F 20 3.5 


2 R/R VM, NVM, CPS, AC, 


N/AP 


5/33/M 3.5 R/R NVN, AC, VSA, LA 


1 
8/46/F 12 3.0 


9/48/F 


1 
2 R/R VL, VM, NVL, NVM, 
CPS, AC, LA 


VL, NVL, NVM, AC, 





10/37/F 


VSA, LA 


C/P VL, VM, NVL, NVM, 
Ac, VSA, LA 


11/45/F 22 4.0 2 C/P CPS, AC 
6 


12/49/M 2.5 


2 R/R VL, NVL, AC, LA 


Cognitive Function Grade 3 


6/31/F 4 


C/P VL, NVL, CPS, AC, 





VSA, NVAP, LA 


3.5 3 
7/45/F 5 5.0 3 C/P VL, VM, CPS, AC, 
La 
8.3 3.2 Ris re? yA 


Mean.. ./38.6/... 





* EDSS indicates Expanded Disability Status Scale; R/R, relapsing remitting; C/P, chronic / progressive; 
VL, verbal learning; VM, verbal memory; NVL, nonverbal learning; NVM, nonverbal memory; CPS, complex 
problem-solving; NVAP, nonverbal auditory processing; AC, attention /concentration; VSA, visuospatial ability; 


and LA, language ability. 
tAll deficits were moderate to severe. 


worsening of cognitive function has 
occurred and her current Kurtzke EDSS 
score is 2.5. She continues to work full 
time. 

Case 2.—Cognitive deficits presenting 
acutely, with subsequent full remission, 
are described. 

A 27-year-old woman presented with a 
six-week history of cognitive disorganiza- 
tion and poor recall of recent events. These 
symptoms were noticed quite acutely. She 
had experienced relapsing/remitting MS 
symptoms for four years. Results of her 
neurologic examination, including bedside 
cognitive testing, were normal except for 
minor sensory deficits (EDSS score, 2.5). 
An expanded HRB revealed a moderately 
severe, isolated deficit in nonverbal memo- 
ry. Results of a CT scan done at this time 


were normal. The patients cognitive com- 
plaints completely abated three months 
after they began. Results of a repeated 
HRB at this time were ertirely normal. 

Case 3.—Coexistent depression and 
memory loss are described. 

A 30-year-old woman had relapsing/ 
remitting MS for six years prior to treat- 
ment at our center. She presented with a 
chief complaint of interm_ttent depression 
and recent memory loss. The depression 
had been refractory to intensive psycho- 
therapy and antidepressant medication. 
Her neurologic examination revealed a 
Kurtzke EDSS score of 1.5. She also exhib- 
ited mild lewer-extremity frontal release 
signs. The NSB revealed moderate to 
severe impairment in memory, attention/ 
concentration, visuospat.al ability, and 
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language ability. An MRI scan disclosed 
multiple periventricular lesions with mod- 
erate supratentorial atrophy (Fig 1, bot- 
tom left) as well as both rostral (Fig 1, 
bottom center) and caudal (Fig 1, bottom 
right) corpus callosum lesions. It is of note 
that this patient had been examined by a 
number of community physicians and ther- 
apists, all of whom recognized the depres- 
sion, but not the cognitive difficulties. 


Cognitive Function Grade 2 


Case 4.—Cognitive dysfunction after a 
long history of benign illness is de- 
scribed. 

A 42-year-old woman presented to our 
center with a 24-year history of relapsing/ 
remitting MS. Her history included bouts 
of right-leg clumsiness and diplopia. She 
presented with a two-year history of mem- 
ory complaints and increasing difficulty in 
her work as a teacher. Neurologic exami- 
nation revealed poor recall, impaired cal- 
culation ability, moderate gait apraxia, 
and a clear lower-extremity placing 
response. The Kurtzke EDSS score was 3.5. 
The NSB revealed moderate to severe 
impairment in verbal memory, sequencing 
efficiency, attention and concentration, 
and psychomotor speed. An MRI scan 
revealed extensive and confluent periven- 
tricular white-matter disease with mild 
ventriculomegaly and diffuse supratento- 
rial volume loss (Fig 2, top left and center). 
Also noted was a linear increase in signal 
intensity along the length of the corpus 
callosum (Fig 2, top right). Soon after her 
visit to our center, the patient was granted 
Social Security disability compensation 
based on cognitive dysfunction from MS. 

Case 5.—Cognitive dysfunction coexis- 
tent with bipolar disorder is described. 

A 33-year-old man with a one-year his- 
tory of relapsing/remitting MS presented 
to our center with a one-week history of 
fatigue and left-sided incoordination. His 
symptoms improved significantly after a 
two-week course of oral prednisone. The 
patient was seen again six months later, 
when he presented with a one-month histo- 
ry of severe memory complaints and man- 
ic-depressive behavior. He had recently 
lost his job because of thinking difficulties 
and aberrant behavior. Neurologic exami- 
nation disclosed prominent memory loss, 
mild pyramidal and cerebellar signs, mod- 
erate lower-extremity placing, and gait 
apraxia. The Kurtzke EDSS score was 4.0. 
The NSB revealed moderate to severe 
impairment in nonverbal memory, se- 
quencing efficiency, attention and concen- 
tration, and psychomotor speed. An MRI 
scan revealed multiple periventricular 
lesions with severe periventricular volume 
loss (Fig 2, bottom left) and isolated callo- 
sal lesions (Fig 2, bottom center and right). 
The patient's memory impairment on 
repeated NSB and clinical examinations 
improved after high-dose intravenous ste- 
roid therapy. His behavioral disorganiza- 
tion has remained stable with mainte- 
nance haloperidol therapy (0.5 mg twice 
each day). He continues to demonstrate 
cognitive dysfunction that precludes em- 
ployment. 
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Fig 1.—Top, Patient 1. Acute, contrast-enhancing lesions can be seen on computed tomographic 
scan (top left). Moderate periventricular demyelination (top center), and muitiple corpus callosum 
lesions (top right) are seen on magnetic resonance imaging. Bottom, Patient 3. Magnetic 
resonance imaging reveals extensive periventricular demyelination (bottom left), extremely thin 
rostral corpus callosum (bottom center), and demyelination in posterior corpus callosum (bottom 
right). 





a 





Fig 2.—Tap, Patient 4. Magnetic resonance imaging reveals confluent periventricular demyelin- 
ation (top left), ventricular enlargement (top center), and linear increase in signal intensity in 
corpus callosum (top right). Bottom, Patient 5. Magnetic resonance imaging reveals periventri- 
cular volume loss (bottom left) and isolated callosal lesion (bottom center) in normally thick 


corpus callosum (bottom right). 


Cognitive Function Grade 3 


CASE 6.—Isolated cognitive dysfunction 
with gait apraxia is described. 

A 31-year-old woman presented to our 
center with a four-year history of MS. Her 
primary complaint was progressive gait 
difficulty during the preceding two years. 
She had recently quit her job as an admin- 


istrative assistant in a physician’s office. 
The patient had been told that her prob- 
lems were related to depression. Bedside 
mental status examination revealed poor 
concentration, abstraction, and calcula- 
tions. She exhibited a severely apraxic gait 
with placing response. Other neurologic 
dysfunction was minimal. Her Kurtzke 
EDSS score was 3.5. A CT scan revealed 
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Fig 3.—Top, Fatient 6. White-matter attenuation with ventricular enlargement on computed 
tomegraphic scan (op left) compared with confluent periventricular demyelination on magnetic 
resonance ima-aing (top center) and normal 48-hour cisternogram (top right). Bottom, Patient 7. 
Computed tomegraphic scan reveals marked frontal atrophy, ventricular enlargement, white- 
matter attenua™ on, and diffuse sulcal enlargement. 


diffuse white-matter attenuation and ven- 
tricular enlargement (Fig 3, top left). An 
MRI sean shoved confluent demyelination 
(Fig 3, top enter). The expanded HRB 
disctesed sevexe impairment across a wide 
range of functons (especially recent mem- 
ery) and, in this college graduate, a 
Wechsler Adult Intelligence Scale Full- 
Scale intelligence quotient of 82. The 
patient cognitive symptoms have contin- 
ued to deterisrate over the ensuing 1.5 
years. Her gazit apraxia is now severe 
enough to recuire bilateral assistance. A 
pecent isotope cisternogram revealed no 
evidence of srinai fluid flow disturbance 
@ ig 3, top rigat). 

Cast 7.—Glsba! dementia and severe 
gait-apraxia are described. 

A 45-year-@d woman presented to our 
center in 1985-with progressive gait disor- 
der and difficalty handling her personal 
and business fairs. Although the diagno- 
sis of MS had been made in 1980, she was 
noted to have-optic atrophy even at that 
time. Neurol@ic examination disclosed 
global dementia and severe gait apraxia. 
Other neurole@ic functions, except visual 
acuity, were minimally impaired. Her 
Kurtzke EDS£ score was 5.0. A CT scan 
revealed severe white-matter attenuation, 
diffuse cortica atrophy, and modest ven- 
triculomegaly Fig 3, bottom). 


SUMMARY OF PATIENTS 
Table 3 contains a demographic and 
clinical summary of the patients. 


The mean age of the patients (N = 
12) was 38.6 years. Disease duration 
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was five years or less in six patients, 
six to ten years in two patients, and 
more than ten years in four patients. 

Only four of these 12 patients would 
have been considered to have a chron- 
ic/progressive disease course, the rest 
having relapsing/remitting histories. 
The mean Kurtzke EDSS score for the 
group was only 3.2. The mean number 
of functional systems involved was 6.2 
(maximum number possible is eight). 
Except for cerebral dysfunction, no 
predilection for severe involvement in 
specific systems was noted. 

All but two of these patients had 
frontal lobe release signs seen pre- 
dominantly in the lower, but not the 
upper, extremities. Seven of 12 
patients had moderate gait apraxia, 
and two of the 12 had gait apraxia 
severe enough to eventually require 
walking aids. All but two patients had 
a placing response in the feet. This 
flexor response to plantar stimulation 
was strong enough in six patients to 
overcome the Babinski response, 
which could only be elicited by stimu- 
lating the lateral side of the foot. Only 
the most severely impaired patient 
(patient 7) exhibited any frontal 
release signs in the upper extremi- 
ties. 


NEUROPSYCHOLOGICAL FINDINGS 


Five of the 12 patients received the 
expanded HRB, six received the NSB, 
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and one (patient 7) received only bed- 
side mental status testing. The neu- 
ropsychological resulss are summa- 
rized in Table 3. The subtest results 
can be clinically related to the follow- 
ing broad cognitive abilities: verbal 
and nonverbal learnirg and memory, 
complex problem-solving ability, at- 
tention and concentration, visuospa- 
tial ability, nonverbal auditory pro- 
cessing, and larguage abilities. 


NEURORADI!OLOGIC FINDINGS 


Ten of the 12 patients had MRI 
scans. All scans revealed moderate to 
severe periventricular disease, includ- 
ing confluent lesions Ventriculome- 
galy was noted in ten patients, and 
three patients kad specific corpus cal- 
losum lesions or callosal atrophy. 


COMMENT 


Although an extensive literature 
prior to 1980 documenzs cognitive dys- 
function in MS,®™* major recent 
reviews of MS'*"* have not focused on 
this aspect of the disorder. Popula- 
tion-based studies, us._ng a brief bed- 
side mental status examination, have 
suggested that signiicant cognitive 
dysfunction may oceur soon after 
onset in 2.0% to 2.9%"! or after 17 
years in as many as 25%” of patients. 
More recent applicatiens of standard- 
ized neuropsychological test batteries 
have demonstrated cognitive dysfunc- 
tion in 46%' of patients with relaps- 
ing/remitting courses and in 63%? to 
72%' of patients with chronic/pro- 
gressive courses. It is clear that more 
rigorous neurovsychclogical investi- 
gations yield higher rates of cognitive 
dysfunction. There has been, to date, 
little information on the neurologic 
and functional relevance of these find- 
ings. 

The patients presented here were 
striking to our eliniciéns in a number 
of ways: 

1. Their functional cognitive im- 
pairment was fer worse than any oth- 
er neurologic impairment. 

2. Nearly all of the patients had 
evidence of frontal lode release signs 
in the lower extremities. 

3. The extent of cagnitive impair- 
ment was unrelated tc neurologic dis- 
ability status, Cisease course, or dis- 
ease duration. | 

4. Our routine bedside mental sta- 
tus examinatior could not predict the 
range and extert of cognitive impair- 
ment except in the most severely 
impaired patients. 

5. Cognitive dysfunction, like any 
other neurologic defizit in MS, can 
present acutely, subacately, or chroni- 
cally. | 
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6. Affective disturbance may her- 
ald the presence of cognitive dysfunc- 
tion. 

7. Most of the patients had been 
followed up for months to years with 
their cognitive impairment undiscov- 
ered. 

Although the mean EDSS score was 
only 3.2 in these patients, two thirds 
of them experienced cognitive impair- 
ment severe enough to preclude 
employment. In contrast to cognitive 
function, all other functional systems 
were mildly impaired. The mean num- 
ber of functional systems involved 
(6.2), however, suggests widespread, 
albeit mild, disease. 

Neither cognitive dysfunction nor 
frontal release signs in the lower 
extremities are adequately repre- 
sented in the Kurtzke scale, which is 
heavily weighted for brain-stem, cere- 
bellar, and spinal cord dysfunction. 
Formal psychometric studies'* have 
found no correlation between degree 
of cognitive impairment and the 
EDSS score. The number of lesions on 
cranial MRI has low correlation with 
specific neurologic dysfunction,” and 
the degree of cranial lesion burden by 
MRI does not correlate with the EDSS 
score even in patients with chronic/ 
progressive courses.° The addition of 
both cognitive function and frontal 
release/apraxia components to future 
scales may permit demonstration of 
more salient relationships between 
brain lesions and neurobehavioral 
deficits. 

Except for occasional case reports,” 
neither the frontal release signs nor 
the apraxia, both predominant in the 
lower extremities, has been previously 
described in MS. The degree of func- 
tional cognitive disability (Table 1) 
was highly correlated (Spearman’s 
r= .90; P < .001) with the degree of 
frontal release/apraxia (Table 2) in 
the 12 patients described here. 

The predominance of the frontal 
release signs and apraxia in the lower 
extremities in MS is similar to the 
pattern seen in patients with normal- 
pressure hydrocephalus.’ Neuroana- 
tomic correlation may be related to 
the periventricular demyelination 
seen in both disorders. Although 
recent reports have suggested abnor- 
mal cisternogram patterns in patients 
with MS,”” one of our most severely 
affected patients (patient 6) had a 
completely normal isotope cisterno- 
gram (Fig 3, top right). It seems that 
periventricular demyelination, rather 
than an abnormality of spinal fluid 
flow, accounts for the similarity on CT 
in these two disorders. 

Fifty percent (six of 12) of our 
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patients developed serious cognitive 
dysfunction within five years of dis- 
ease onset, including the two most 
severely disabled patients. Prior 
reports have suggested that severe, 
early cognitive loss can occur in 
MS.™** More recent studies using psy- 
chometric test batteries have also 
found that cognitive dysfunction can 
occur early in a disease course?*”’ or in 
the presence of mild physical disabili- 
ty.“ Mild to moderate impairment of 
visual and verbal memory was noted 
in 60% of patients who presented with 
MS duration of less than two years or 
optic neuritis alone.* These findings 
may correlate with the presence of 
periventricular demyelination, which 
occurs in 50% of patients presenting 
with idiopathie optic neuritis.” 

Even among our six patients whose 
disease duration was more than five 
years (range, six to 20 years), four 
were considered to have relapsing/ 
remitting disease. These patients all 
had evidence of moderate to severe 
periventricular white-matter disease 
on CT or MRI scan in spite of a mean 
EDSS score of only 2.8. Significant 
cognitive dysfunction may, therefore, 
occur in those with long disease dura- 
tion who otherwise appear benignly 
affected. These findings also suggest 
that subtle cognitive dysfunction may 
have been overlooked in patients with 
“silent” lesions’ discovered at post- 
mortem examination. 

Disease duration in this descriptive 
study had no correlation with degree 
of cognitive functional impairment. 
These patients, however, were se- 
lected for early or prominent cogni- 
tive impairment. In 100 unselected 
outpatients with MS, the correlation 
between cognitive impairment and 
disease duration was significant but 
low (r = .22; P < .05).' This same level 
of correlation (r = .25; P< .04) has 
recently been described between 
extent of MRI abnormality and dis- 
ease duration.” These weak but statis- 
tically significant correlations sug- 
gest that, although important, disease 
duration is not an accurate predictor 
of either cognitive dysfunction or 
severe periventricular demyelination 
in an individual patient. 

The nature of the cognitive dysfunc- 
tion in MS has recently been exten- 
sively reviewed.” It is clear both from 
the results of neuropsychological test- 
ing in our cases (Table 3), as well as 
from the application of a comprehen- 
sive psychometric battery in a consec- 
utive series of referral center pa- 
tients,’ that the range of cognitive 
deficits in MS is broad. Specifically, 
however, the kinds of deficits in mem- 


ory and language skills that would 
normally bring a patient with demen- 
tia to the attention of family or physi- 
cian are less marked then those seen 
in the dementia of Alzheimer’s dis- 
ease.” By contrast, disorders of atten- 
tion” and difficulties with problem- 
solving and concept formation)? may 
be relatively more severe. Such defi- 
cits are not usually apparent in casual 
interactions, and may only be noticed 
in everyday situations that require 
patients to perform detailed or novel 
tasks. This subtlety of cognitive 
impairment would help explain the 
lag time in discovering the functional- 
ly significant cognitive dysfunction in 
some of the cases reported here. 

The structural correlates of the cog- 
nitive changes in MS are not entirely 
clear. Both increased ventricular 
size? and atrophy of the corpus cal- 
losum* have been correlated with cog- 
nitive impairment. The degree of peri- 
ventricular demyelination has also 
been significantly correlated with the 
extent of cognitive impairment.‘ Cor- 
tical-subcortical or cortieal-cortical 
disconnection, resulting from foeal or 
diffuse periventricular and callosal 
demyelination, may be the best cur- 
rent explanation for the cognitive def- 
icits in MS.” 

It is clear that cognitive dysfunc- 
tion, like other neurologic deficits in 
MS, may occur with relapse and 
remission (patient 2), relapse and pro- 
gression (patients 1 and 5), or chronic 
progression (patients 6 and 7). The CT 
and psychometric evidence of an acute 
cognitive relapse with complete clear- 
ing in patient 2 has not been previous- 
ly reported. Patient 1, with relapsing/ 
progressive cognitive deticits, has 
been stabilized by cyclophosphamide 
therapy? and remains at work. Evi- 
dence for progression of cognitive def- 
icits in MS has been suggested previ- 
ously.” 

Affective disorder heralded the cog- 
nitive dysfunction in two of our cases. 
Patient 3 was brought to our attention 
with subacute depressive symptoms 
that were refractory to counseling. 
Patient 5 presented with concomitant 
manic-depressive psychosis and cog- 
nitive dysfunction. Recent attention 
to affective disorders in MS has dem- 
onstrated that patients with MS with 
cerebral involvement have more 
depressive episodes thar those with 
noncerebral involvement,*** depres- 
sion is more common in MS than in 
amyotrophic lateral sclerosis or tem- 
poral lobe epilepsy.” and MS may 
present with depressive disorder prior 
to diagnosis.** The association of a 
rapidly cycling bipolar illness with 
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MS has alọ been recently reported.” 
These find ngs suggest that affective 
diserder may be an organic concomi- 
tanc of MS possibly related to cogni- 
tive dys*urction as well as to specific 
paterne of subcortical demyelin- 
atien.” 

Ssriows _oss of cognitive function 
sheald be eonsidered in patients with 
MS who (1s have chronic/progressive 
disease; 2) havedemonstrated frontal 
release signs or apraxia, both promi- 
nem in tae lower extremities; (3) 
present wth depression or bipolar 
disarder refractory to treatment; (4) 
complaim ef cognitive difficulties at 
wors or home, particularly in the 
are=s o memory, attention, or com- 
pler preblem-solving skills; and (5) 
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have moderate to severe periventricu- 
lar abnormality on MRI scan, even 
early in the disease course in the 
absence of progressive neurologic def- 
icit. In cases of suspected cognitive 
loss, the use of a brief neuropsycho- 
logical screening battery,’ possibly 
adding tests of concept formation,’ 
would be appropriate. Such a battery, 
more sensitive to subtle cognitive def- 
icit than either the bedside mental 
status examination’? or the Folstein 
Mini-Mental State examination,® can 
be used for screening, clinical trial 
monitoring, or clinical documentation 
of the progress of cognitive dysfunc- 
tion over time. A more detailed, exten- 
sive neuropsychological battery’ 
might be important in determination 
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of vocational disability due to cogni- 
tive dysfunction and in other situa- 
tions that require a comprehensive 
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deficits. This might prove to be impor- 
tant in applying recently devised 
methods of cognitive rehabilitation” 
to those with cognitive deficits and 
MS. Finally, the application of both 
traditional and experimental thera- 
pies in MS shouid be done with consid- 
eration fer cognitive dysfunction as a 
potentially critical factor in the total- 
ity of MS disab_lity. 
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Incontinence Associated With 
Bilateral Lesions of Putamen 


Friedrich W. Klutzow, MD; Donald F. Gleason, MD, PhD; 


Hugh K. Lancaster, MD; Kent B. Murray, MD 


èe From 1238 postmortem brain exami- 
nations, 44 subject cases with bilateral 
putamen lesions and 44 controls without 
bilateral putamen lesions were chosen 
and compared for the presence and 
severity of incontinence. The lesions 
were divided into three grades and the 
incontinence into five degrees of severi- 
ty. Final results revealed that 39 of 44 
subject cases had some degree of fecal 
incontinence compared with 12 of 44 
controls. The subject cases included 14 
with degree 4 incontinence while the con- 
trols had none. Forty-three of 44 subject 
cases exhibited urinary incontinence 
compared with 25 of 44 controls with the 
degree again being more severe in the 
subject cases. Using the x° test, the prob- 
ability that these differences were due to 
chance is minimal. Therefore, bilateral 
putamen involvement appears to be a 
significant factor in the occurrence of 
incontinence, and further study of this 
association is indicated. 

(Arch Neurol 1989;46: 168-172) 


nceontinence, defined as the inadver- 

tent or uncontrolled release of feces 
or urine, is more common than gener- 
ally acknowledged.! Much more than 
an embarrassment and an inconve- 
nience, incontinence has profound 
social and economic consequences 
that will increase with the rising 
average age of our population. It is a 
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leading eause of isolation and depres- 
sion and is frequently the precipitat- 
ing factor leading to the placement of 
patients in nursing homes. 

The recognized causes of inconti- 
nence include local mechanical prob- 
lems and inflammatory disease or 
lesions in the nerves, spinal cord, and 
brain. Although several investigators, 
including Monnier,’ Appenzeller et al, 
Shy and Drager,’ and Bannister and 
Oppenheimer’ have published data 
linking bilateral topographic regions 
within the brain with sympathetic or 
parasympathetic functions, the asso- 
ciation between intracerebral lesions 
and incontinence has been only vague- 
ly identified. 

While tabulating symptoms and 
signs of autonomic system dysfunc- 
tion for a review article, we noted 
several instances of marked inconti- 
nence occurring in patients with iso- 
lated bilateral putamen lesions. This 
observation led to a search for a possi- 
ble correlation between the two phe- 
nomena. 


CASES AND METHODS 


Forty-four subject cases with bilateral 
putamen lesions and 44 age-matched con- 
trols without bilateral putamen lesions 
were identified among 1238 consecutive 
postmortem brain examinations per- 
formed over the course of 13 years at three 
different Veterans Administration Medi- 
cal Centers. All cases with bilateral puta- 
men lesions were included in this study, ie, 
with total disregard of any generalized 
systemic disorder or illness. We further 
emphasize that some cases showed lesions 
(ie, infarct, hemorrhage, or tumor) that 
extended beyond or existed in addition to 
bilateral involvement of the putamen, the 
latter being the only prerequisite on which 
this study was based. However, cases with 
clinical or anatomic signs of spinal cord 
disease or documented evidence of periph- 


eral neuropathy were excluded. 

Whenever permisson ‘for an unre- 
stricted postmortem examination was 
obtained, the brain azd spinal cord were 
routinely examined by conventional meth- 
ods. Both the brain and spinal cord were 
fixed in 10% buffered formaldehyde solu- 
tion for at least three weeks before gross 
examination and sectioning in all but six 
cases, which were sectioned in the fresh 
state for specific reasans. Microscopic sec- 
tions were examined routinely with hema- 
toxylin-eosin. Other stains were used as 
needed. 

The bilateral putamen lesions were 
divided into three grades of gross and 
microscopic severity (Table 1). Degenera- 
tion of the putamen was manifested by 
increasing severity of softering and discol- 
oration (Fig 1) to hemorrhagic infarction 
and frank cavitation Figs 2 and 3). The 
microscopic appearanee of grade I lesions 
consisted of the cribri*orm state, neuronal 
loss, and mild gliosis (*ig 4). Grades II and 
III showed correspondingly more severe 
abnormalities on microscopic examina- 
tion. 

Because incontinence is associated with 
advancing age, an age-matched control 
group of 44 cases for comparison with the 
subject cases was seleeted. The consecutive 
register of autopsies performed during the 
same period at the same hospital was 
scanned until a patien- the same age as one 
of the subject cases wes found. Prospective 
control and subject cases were rejected if 
(1) both the brain and spinal cord were not 
examined (about 27% of cases), (2) bowel 
resection or colostomy had been perform- 
ed, (3) there was a melignant neoplasm of 
the colon or rectum, or (4) there was a 
diagnosed bacterial or toxie ciarrhea. 

The hospital records, particularly the 
nurses’ notes, of all the selected cases were 
then examined for evidence of inconti- 
nence. Fecal incontinence, seing the more 
dramatic event, was decumented quite con- 
sistently and reliably. Urinary inconti- 
nence, on the other hand, was sometimes 
difficult to quantify precisely because of 
incomplete records or catheter placement. 
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Ne»ertæless, the recorded observations 
dic proe to be significant and enabled us 
to diviee the severity of incontinence into 
the following five degrees 0, no docu- 
mentec inmeontimence; 1, one episode of 
ineontizenee: 2, ncontment on two sepa- 
rate dæs; 3, incontinent on three or four 
diferem days; and 4, incontinent on more 
than fear days. The patients who were 
admitted to the hospital with catheter 
drainage in place or who were managed 
with catheter drainage soon after inconti- 
nece was neted are c assifed as having 
grade Iw urinary incontinence. 


RESULTS 


The 44 subject cases are described 
in Talie 2 The controls are not 
deseribed because they revealed no 
significant differences from the sub- 
ject cases except for the absence of 
bilater=] putamen lesions and the 
inciderse of ineontinence. 

The grade of the putamen lesions 
and the degree of incontinence in the 
suljec’ cases are detailed in Table 3. 
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Fig 1.—ight putamen. Gray ciscolorations and softening (grade 1). 


The degree of incontinence in the sub- 
ject cases and age-matched controls is 
summarized in Table 4. 

There was a much higher incidence 
of fecal incontinence in the subject 
cases with bilateral putamen lesions 
than in the controls. Thirty-nine of 44 
subject cases had some degree of fecal 
incontinence compared with 12 of 44 
controls. Their x? value of 34.0 is out- 
side the standard tables and indicates 
that the probability that these differ- 


ences are due to chance alone is less 
than .0005. 

The degree of fecal incontinence 
was increasingly more severe in the 
subject cases (“ig 5). Fourteen subject 
cases, but no controls, had degree 4 
incontinence. There was no correla- 
tion between the degree of inconti- 
nence and the grade of the lesions, and 
the association appeared to depend 
only on the existence of the lesions 
and not on their severity. 


Table 1.—Grading of the Severity of the Putamen Lesions 


Gross Appearance 


Gray discoloration and 
softening 


Discoloration and softening with 


lacunal lesions 


Discoloration and softening with 


cavitary infarction or 
hemorrhage 


E 
4s 
“ 


Leftyputamen, discoloration, softening, and lacunae (grade Il). 
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Fig 2 —Pghi putamen. Hemorrhagic infarct (grade Ill). Left putamen, 
sma", olc cavity; left temporal lobe: large, old cavity (arrow). 
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Microscopic Findings 
Crioriform state, neuronal loss, 
and mild glosis 
Cellular depletion, moderate 
gliosis, microcavitary infarcts 
Cavitation or hemorrhage with 
variable degrees of reactive 
gliosis 











Fig 4.—Grade | lesion. Cribiform state, neuronal loss, and mild gliosis 
(hematoxylin-eosin, X 400). 
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Case No./ 
: Age, y/Sex Major Systemic Abnormality * Major Neuropathologic Finding 
á 1/69/M Coronary artery heart disease; prostate carcinoma Multiple stroke syndrome 
4 2/58/M Aspiration pneumonia; atrophy of muscles and heart Shy-Drager syndrome 
i 
4/76/M Aspiration pneumonia; hypertensive heart disease Bilateral corpus striatum lesions and hemorrhage 
in R putamen 
















5/72/M Cirrhosis of liver; anasarca; DIC Cerebral atrophy; bilateral putamen irfarctions 
6/42/M Carcinoma of larynx; widespread metastasis; Bilateral lesions of corpus striatum and 
bronchopneumonia R cerebellum 





7/77/M Carcinoma of lung; ASHD; bronchopneumonia Bilateral putamen infarcts; L occipital lobe infarct 


8/80/M Carcinoma of lung; aspiration pneumonia Bilateral corpus striatum degeneration; infarct, 
R occipital lobe 


































9/63/M Ruptured abdominal aneurysm; acute renal shutdown Bilateral corpus striatum infarcts; R thalamus 
infarct 
5 11/64/M Carcinoma of lung; aspiration pneumonia Bilateral degeneration of putamen 
a 12/78/M Cholecystitis and peritonitis; aspiration pneumonia Bilateral degeneration of putamen; infarct of pons k 
13/77/M Pyelonephritis; septicemia; pneumonia Lesions of L putamen, R corpus striatum, 
| R occipital lobe, and R cerebellum 
bw 14/81/M Cirrhosis of liver; pneumonia; prostate carcinoma Infarct, L cerebral hemisphere; hemorrhagic 
infarct, R putamen 
p 15/83/M Myeloproliferative disorder; anemia Bilateral putamen degeneration; infarct, 
| L caudate 
| 16/60/M Pyelonephritis; diabetes; bronchopneumonia Bilateral putamen infarcts; hypoglycemic 
| encephalopathy 
‘ 17/78/M Necrotizing pneumonia R subdural hematoma; L putamen infarct; 
he R putamen degeneration 
18/62/M End-stage renal disease; hypostatic pneumonia Bilateral corpus striatum degeneration; bilateral 
occipital lobe infarcts 
19/71/M Carcinoma of esophagus; hypostatic pneumonia Bilateral putamen degeneration 
20/74/M Carcinoma of prostate; multiple thromboemboli Bilateral putamen degeneration; R parietal lobe 
| infarct 
21/66/M Carcinoma of lung; pulmonary embolism Bilateral putamen degeneration; infarcts, t 
R thalamus and R cerebellum 
22/80/F Carcinoma of endometrium; hypertension Bilateral putamen infarcts; infarcts, pons and 
cerebellum 
23/77/M Cirrhosis of liver; ASHD Bilateral putamen degeneration 
| 24/50/M Carcinoma of lung; ulcer of stomach Bilateral putamen degeneration; metastases, 
E R temporal lobe and L cerebellum 
4 25/84/M Carcinoma of stomach; peritonitis Bilateral putamen degeneration 
26/81/M Coronary heart disease; carcinoma of prostate Multiple cerebral infarcts; bilateral putamen 
i degeneration 
i 27/78/M Histiocytic lymphoma; multiple lung abscesses Bilateral putamen degeneration 
; 28/86/F Generalized arteriosclerosis; ASHD Bilateral putamen degeneration; mult ple small 
infarcts 
29/82/M Plasmacytoma, sternum; carcinoma of colon (removed) Cavitary infarct, L caudate; bilateral outamen 
degeneration 
30/83/M Carcinoma of testis; ASHD Infarct, R cerebral hemisphere: degeneration 
of L putamen 
31/77/M Thrombophlebitis, R leg; aspiration pneumonia Infarct, L cerebral hemisphere. mild 
degeneration, R putamen i 
h 32/61/F ASHD; renal failure; anemia Bilateral putamen degeneration 4 
33/86/M Perforated duodenal ulcer; peritonitis; emaciation Bilateral putamen degeneration; atrophy and 
| hydrocephalus 
34/69/M Bronchopneumonia; pulmonary emboli; carcinoma of prostate Huntington's disease 
ú 35/59/M Emphysema; bronchopneumonia Creutzfeldt-Jakob disease 
i 36/64/M Bronchopneumonia; duodenal ulcer Shy-Drager syndrome 
37/76/M Carcinoma of pharynx; duodenal ulcer Cavitary infarct, R corpus striatum; alcoholic 
encephalopathy 
38/87 /M ASHD; malignant lymphoma Infarct, R insular area; hypertensive 
encephalopathy 
39/87/M Bilateral necrotizing pneumonia; adenocarcinoma of colon Berry aneurysm; multiple stroke syndrome 
40/58/M Cardiomegaly with infarctions; cirrhosis of liver Ischemic encephalopathy; aseptic meningitis 
41/76/M Pyelonephritis; pneumonia Cavitary infarct, R putamen; hemorrhagic infarct, 
L cerebral hemisphere 
42/46/M Obstruction, small intestine; bronchopneumonia Huntington's disease 
43/86/M Pulmonary thromboemboii; basilar pneumonia Degeneration, L putamen; R basal ganglia infarct 
44/77/M Carcinoma of kidney; acute myocardial infarct Traumatic infarcts, L cerebral hemisphere; mild j 


degeneration, putamen 


* DIC indicates disseminated intravascular coagulation; ASHD, arteriosclerotic heart disease; and GI, gastrointestinal. 
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Degree of Incontinence 
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Grade of Putamen Lesions 
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Table 4.—Sunmmary Tabulation of Degrees of Incontinence 


Fecal Incontinence Urinary Incontinence 


ee rr OSS 
Subject 








Controls 





Controls 





44 44 44 44 
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0 1 2 3 4 
Degree of Fecal Incontinence 
Fig 5.—Degree of fecal incontinence. Open 
bars indicate 44 controls; closed bars, 44 
subject cases. 


No. of Patients 
a 


0 1 2 3 4 
Degree of Urinary Incontinence 

Fig 6.—Degree of urinary incontinence. Open 

bars indicate 44 controls; closed bars, 44 

subject cases. 


Urinary incontinence was also sig- 
nificantly associated with bilateral 
putamen lesions. Forty-three of the 44 
subject cases had some degree of uri- 
nary incontinence compared with 25 
of the controls. Their x? value of 20.9 is 
also outside the standard tables and 
indicates that the probability that 
these differences are due to chance is 
less than .0005. 

The degree of urinary incontinence 
was more severe in the subject cases 
than in the controls (Fig 6). Like fecal 
incontinence, however, there was no 
significant correlation between the 
degree of incontinence and the grade 
of the lesions. 

While an extensive unilateral lesion 
of the putamen and adjacent or other 
areas of the same hemisphere was not 
found to be associated with sustained 
incontinence, even mild bilateral 
putamen lesions were associated with 
lasting incontinence. A striking exam- 
ple supporting this observation is case 
14. The patient was continent despite 
an extensive, old, ischemic infarct in 
the left putamen, adjacent claustrum, 
insular certex, and temporal lobe. 
However, he abruptly became perma- 
nently incontinent when he suffered a 
hemorrhagic infarct that affected the 
right putamen and rendered the 
lesions bilateral (Fig 2). 

Our data indicate further that, 
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although only bilateral 
lesions produce sustained inconti- 
nence, they could (1) be asymmetrical 
(cases 4, 5, 6 [Fig 3], 14, 24, 30, 31, and 
38), (2) extend outside the putamen 
(cases 14 [Fig 2], 24, 30, 31, and 39), 
and (3) occur at different times or 
from different causes (cases 4, 5, 14, 
38, and 39). 


putamen 


COMMENT 
The suggestion that a rare condi- 


tion such as bilateral putamen dam- 
age is associated with a frequent 
symptom such as incontinence is 
immediately confronted with the com- 
mon knowledge that incontinence 
occurs in older patients with many 
different kinds of central nervous sys- 
tem disease. One may be tempted to 
dismiss the relationship as obvious 
and expected in an autopsy study. 


Therefore, we must point out that 


this is not a simple retrospective 
autopsy study. Although the patients 
had to be dead and autopsy performed 
to establish that bilateral putamen 


lesions were or were not present, the 
evaluation of the “subsequent” occur- 
rence of incontinence makes this a 
prospective study. The statistical test 


result (P < .0005) indicates that it is 
virtually impossible that the observed 
differences are accidents of random 
variation. 

Ours is not the first study to com- 
pile data linking bilateral putamen 
lesions with incontinence in a pro- 
spective-type study. In his lengthy 
original thesis, Wilson’ identified 
Wilson’s disease as hepatolenticular 
degeneration with bilateral putamen 
involvement. He described inconti- 
nence in all of his patients and in 
those studied by others, citing “weak- 
ness of the anal and vesical sphinc- 
ter,...pass urine and stool in 
bed,...and sphincter control lost or 
forgotten, ... the dejecta were passed 
into the bed.” He also stated that “we 
must not judge of the severity of the 
clinical symptoms by the degree of 
pathological and structural change 
found at autopsy,” and “the pons, 
medulla and cord are uniformly nega- 
tive from a pathological point of 
view.” 

Finally, contrary to Kuru,’ we make 
no effort to suggest pathways or 
mechanisms. However, the correla- 
tion between bilateral putamen 
lesions and fecal and urinary inconti- 
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nence appears strong enough to merit 
further study by interested investiga- 
tors and by other methods that are 
not available to us, such as stereotaxic 
surgery in animals. 


N. Linette Hansen, RN, Patricia J. Meyer, 
Donald E. Daningburg, and Kathryn L. Cannon 
gave technical assistance in the preparation of 
this manuscript. 


References 


1. Swash M: New concepts in incontinence. Br 
Med J 1985;290:4-5. 

2. Monnier M: Functions of the Nervous Sys- 
tem. New York, Elsevier Science Publishing Co 
Inc, 1968, vol 1, pt 2, chap 3. 

3. Appenzeller O, Snyder R, Kornfeld M: Auto- 
nomic failure in hydrencephaly. Newrology 
1970;20:412. 

4. Shy GM, Drager GA: A neurological syn- 
drome associated with orthostatic hypotension. 
Arch Neurol 1960;2:511-527. 

5. Bannister R, Oppenheimer DR: Degenera- 
tive diseases of the nervous system associated 
with autonomic failure. Brain 1972;95:457-474. 

6. Klutzow FW, Earle KM, Webster DD: Dis- 
orders of autonomic function (dysautonomias). 
Milit Med 1975;140:338-344. 

7. Wilson SAK: Progressive lenticular degen- 
eration: A familial nervous disease asscciated 
with cirrhosis of the liver. Brain 1912;34:295- 
509. 

8. Kuru M: Nervous control of micturition. 
Physiol Rev 1965;45:425-494. 


Incorrect Data.—In the article entitled ‘“Pseudotumor Cerebri in Men,” published in 
the August 1988 issue of the ARCHIVES (1988;45:866-872), errors appeared on page 870, 


column 3, lines 29 and 30. The sentence read, “In addition, we have performed ONSF's in 
13% (120/157) of women and 28% (28/29) of men.” The sentence should have read, “In 
addition, we have performed ONSFs in 13% (20/157) of women and 28% (8/29) of 


men. — 
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Centra! Nervous System Infections in Heart 
and Heart-Lung Transplant Recipients 
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æ Infections, a major cause of morbidi- 
ty and mostality in immunosuppressed 
heert anc seart-lung transplant recipi- 
erts, frequently involve the central ner- 
vows system anc can produce devastating 
newrolog't sequelae. Between 1980 and 
1987, a tote of 363 heart transplant and 
54 “eart-eng transplant recipients at the 
University ef Pittsburgh sustained 13 
intracranial! mfections two to 143 weeks 
after transpiantation. Computed tomogra- 
phe demons rated well-defined Nocardia 
anf Asperyililus abscesses in four 
patients. Sevebrospinal fluid was normal 
in ell cases studied, including in those 
patients iw whom culture confirmed men- 
ingis. Cemputed tomography-guided 
Steweotactic surgery was used to diag- 
no and aspirate two nocardial brain 
abscesses. “he prognosis for patients 
wif central nervous system infections 
was related =o their overal! condition at 
the time of Giagnosis. Both patients with 
noecardial abscesses and one patient with 
Listeria \eptemeningitis survived, but all 
ten other patents died because of exten- 
sive multisystem infectious complica- 
tioms. 

(@rch Neuro! 1989;46:173-177) 


mectioms are dreaded but well- 
Lnown complications of heart and 
heart-lung -ransplantation, account- 
ing for a= many as 54% of cardiac 
allegraft we-ipients’ deaths.''* Infec- 
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tions occur primarily in the first 90 
days after surgery." Previous re- 
ports suggest that central nervous 
system (CNS) infections comprise 
34% of the complications after cardi- 
ac transplantation.'* To assess the 
risks of CNS infections in the seven 
years since the resumption of cardiac 
transplantation at the University of 
Pittsburgh, we reviewed the records 
of 417 patients. During this time the 
mainstay of our immunosuppressive 
therapy in all patients was cyclospo- 
rine and corticosteroids. Our policy of 
frequent follow-up of organ trans- 
plant recipients and close rejection 
monitoring promoted earlier diagno- 
sis of posttransplant complications, 
particularly those involving the CNS. 
We believe that intensive postopera- 
tive surveillance coupled with rapid 
medical or surgical therapeutic inter- 
vention has significantly decreased 
the morbidity and mortality associ- 
ated with heart and heart-lung trans- 
plantation. 


PATIENTS AND METHODS 
Patient Selection 


We analyzed the records of 417 patients 
(363 heart and 54 heart-lung transplant 
recipients) who underwent 430 organ 
transplantations (375 heart allografts and 
55 heart-lung allografts) over a seven-year 
period. Episodes of CNS infection were 
found in nine men and four women (age 
range, 16 to 59 years; median age, 41 
years). All heart transplant candidates 
were in New York Heart Association class 
IV and met the transplantation criteria 
described by Stanford (Calif) Universi- 
ty.” Of the 11 patients with infections 
who had orthotopic cardiac transplanta- 
tion, five had ischemic heart disease and 
six had idiopathic cardiomyopathies. Of 
the two patients in the heart-lung recipi- 
ent group, one patient had pulmonary hy- 
pertension and the other had severe em- 
physema, both with right ventricular fail- 
ure. 

The technique for orthotopic cardiac 


transplantation was described by Lower 
and Shumway. Heart and heart-lung 
transplantation was performed under car- 
diopulmonary bypass and moderate (28°C) 
hypothermia. All donor organs were 
immersed in an electrolyte solution and 
perfused with cardioplegia at 4°C.“ ABO 
blood type was compat ble in all cases. 


immunosuppression 


An oral loading dose of cyclosporine 
(17.5 mg/kg) was given defore transplanta- 
tion. After transplantation, the dose of 
cyclosporine was adjusted to maintain 
trough blood levels betaveen 500 and 1000 
ng/mL. A daily dose of 5 to 10 mg/kg/d 
was usually given. Renal toxic effects were 
determined by the ereetinine level (>180 
umol/L). 2 

One gram of methylprednisolone sodium 
succinate was given intravenously as circu- 
lation was restored tc the donor heart 
after transplantation. Oral prednisone, 200 
mg/d, was started ater surgery and 
tapered to a maintemanze dose of 20 mg/d 
by the tenth postoperative day. Intrave- 
nous methylprednisolone was given if oral 
medications were not tdlerated.™ 

Heart-lung transplant recipients did not 
receive corticosteroids for the first two 
weeks after surgery to allow healing of the 
tracheal anastomosis. During this time, 
patients received a taree- to five-day 
course of rabbit antittymocyte globulin 
(RATG) and/or azathioprine (1 to 2 mg/ 
kg/d). 

For the last eight mcnths, intravenous 
monoclonal antibodies against human T 
lymphocytes (OKT3) have been given pro- 
phylactically to acceptable heart trans- 
plant recipients for 14 days, beginning two 
to three days after surge~y. Corticosteroids 
are begun after complezion of the OKT3 
therapy. OKT3 has also deen used to com- 
bat rejection. 

Cardiac catheterizatim with endomyo- 
cardial biopsy was performed routinely 
and whenever rejection was suspected. 
Acute rejection was combated with 1-g 
intravenous pulses of hydrocortisone sodi- 
um succinate at 3-, 5-, and 7-day intervals. 
The severity of rejecticn as determined 
from endomyocardial biopsy specimens 
dictated the frequency and duration of 
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Table 1.—Central Nervous System Infections in Heart and Heart-Lung Transplant Recipients * 


Neurologic 
Type of Patient Signs and Means of 
Infection No. Organism Symptoms Diagnosis 





Meningitis 1 Listeria Headache, CSF culture 
seizure, coma 
2 Listeria Headache CSF culture 
3 Cryptococcus Headache CSF culture 
Encephalitis 4 Aspergillus Seizure Autopsy 
5 Toxoplasma None Autopsy 
6 Toxoplasma Seizure, coma Autopsy 
7 Candida None Autopsy 
8 JC virus Coma Autopsy 
Abscess 9 Nocardia Seizure Stereotactic 
biopsy 
10 Nocardia Seizure Stereotactic 
biopsy 
11 Aspergillus Seizure, coma Autopsy 
12 Aspergillus Seizure, coma Autopsy 
Candida None Autopsy 


* CSF indicates cerebrospinal fluid; IV, intravenous; and PO, oral. 
tDay after transplant when symptoms were first noted/total number of days of survival after organ transplantation. 





pulses. If myocyte necrosis still persisted 
after three courses of pulse therapy, 1 g 
of RATG was administered for three 
diya. T> 


Diagnostic Evaluation 


Because of the onset of headache or 
seizures, computed tomographic (CT) 
scans of the head were obtained with a 
scanner (GE 9800 CT/T; General Electric 
Medical Systems, Milwaukee) in nine of 13 
patients. Intravenous contrast medium 
was not administered in most cases 
because of concomitant renal impairment. 
Lumbar puncture was performed in nine 
patients; cerebrospinal fluid (CSF) was 
sent for determination of glucose level, 
protein level, cell count, aerobic and anaer- 
obic culture and sensitivity, india-ink 
preparation, acid-fast bacterial culture, 
and fungal cultures. Three neurologically 
normal patients were not evaluated, and 
the patient with progressive multifocal 
leukoencephalopathy died before lumbar 
puncture or CT scan. 


Postmortem Examination 


We examined macroscopically and 
microscopically the brain and spinal cord 
in 50 heart and heart-lung recipients who 
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Onset/ 
Therapy Survival, d+ 
Ampicillin 84/112 
sodium 
Ampicillin 364/424 
Amphotericin B 28/48 
None EEN tes 
None .. 60 
None .. 133 
None . ./1003 
None . ./807 
Sulfisoxazole 87 /alive 
(IV/PO) 
Sulfisoxazole 360/ alive 
(IV/PO) 
Amphotericin B .. ./49 
Amphotericin B .../180 


Amphotericin B ey he 








Fig 2.—Left, Left frontal mass seen on computed tomographic scan without contrast medium 
injection. Right, Aspergillus fumigatus isolated at autopsy (Grocott methenamine silver, X500). 


underwent complete autopsies from June 
1980 through August 1987. The specimens 
were fixed in 10% buffered formaldehyde 
for at least 14 days. Sections for histologic 
examination were taken from several 
areas of the CNS, including the pituitary 
gland. They were stained with hematoxy- 
lin-eosin and other special stains when 
indicated.’ 


Surgical Intervention 


Two patients had intracranial mass 
lesions identified on CT scans and under- 
went CT-guided stereotactic biopsy and 
aspiration. After target coordinates were 
obtained from a preoperative CT scan, a 
1.8-mm probe was advanced to the target 
site through a percutaneous twist drill hole 
made with the patient under local anesthe- 


sia. Aspiration with a 10mL syringe 
yielded 1.5 to 1.8 mL of purulent material 
in each patient. Postoperative scans docu- 
mented satisfactory aspiration without 
hemorrhage. 


RESULTS 


Central nervous system infections 
were seen in 13 patients (3%); five 
heart transplant recipients developed 
brain abscesses, five had encephalitis, 
and three had leptomeningitis (Table 
1). One heart-lung recipient had an 
abscess and one had encephalitis. The 
infections seen were those commonly 
associated with immunosuppression: 
Toxoplasma gondii (Fig 1), Aspergillus 
fumigatus (Fig 2) Nocardia asteroides 
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(Fig 3), Cryptoeoccus neoformans, 
Candida albicans, Listeria monocyto- 
genes, and JC virus. The onset of these 
infections identified during life did 
no correlate with changes made in 
anurejection medications, in contrast 
to indings im previous reports.!® 116 
Inentification of the offending 
organism was possible in only five of 
15 patients before death. As previous- 
ly reported, CT was the diagnostic 
procedure of choice for demonstrating 
intracranial abscess formation and 
for observing therapeutic response.”** 
The use of CT has b2en cited as an 
expianation for the decrease in the 
montality frem brain abscess.”*° 
Surgical drainage is the treatment 
of caoice for brain abscesses except in 
ocezsional high-risk individuals who 
may respond to medical management 
alore." ©T-guided stereotactic as- 
piration with or without placement of 
a drainage catheter in conjunction 
with prolonged antimicrobial therapy 
has proved effective, particularly in 





the treatment of N asteroides, as we 
have shown.***! 

Seven of 13 patients had seizures, 
four of whom progressed to terminal 
coma. Seizure activity was seen in 
four of five patients with brain 
abscess, one patient with meningitis, 
and two of five patients with encepha- 
litis. Headache was noted in all 
patients with meningitis. One patient 
suspected to have received a Toxoplas- 
ma-infected heart and both patients 
with Candida infections were neuro- 
logically asymptomatic. 


COMMENT 


Intracranial infections are a fre- 
quent complication after heart trans- 
plantation and reflect an altered 
immune state in the recipient. An 
early report from Stanford (Calif) 
University by Hotson and Pedley" 
estimated the CNS infection rate at 
35%. An update from that institution 
by Britt et al' published in 1981 
showed a 13.5% incidence of CNS 


Fig. 3.—Left, Camputed tomographic scan of head after intravenous contrast medium adminis- 


tration showing enhancing left parietal mass. Right, Filamentous Nocardia asteroides seen with 


Grem’'s:stain (X500). 





infection in 182 patients using predni- 
sone, methylprednisolone, azathio- 
prine, dactinomycin, and RATG for 
immunosuppression. Our 3% CNS 
infection rate seen in 417 patients 
reflects the use of cyelosporine as the 
primary immunosupoDressant in con- 
junction with prednisone, methyl- 
prednisolone, RATG, azathioprine, 
and now OKT3. Other reports have 
confirmed a lower indicence of infec- 
tion in patients receiving cyclosporine 
for immunosuppressicn.*"*'* Cyclospo- 
rine acts on the T-lymphocyte system 
and interferes with the production of 
interleukin 1 and interleukin 2.5 

The present estimated five-year 
survival rate after cardiac transplan- 
tation at our institution is 50%. The 
onset of encephalitis or abscess for- 
mation occurred between 11 and 1003 
days; cases of leptomeningitis were 
seen between 28 and 364 days. At 
Stanford, brain abscess/meningoen- 
cephalitis developed 13 to 814 days 
after transplantation. Meningitis was 
seen 48 to 1204 days after surgery at 
Stanford. All those affected by menin- 
gitis eventually died in our series, 
whereas Stanford had some long-term 
survivors (44%), particularly those 
treated for cryptococca. infection (Ta- 
ble 2). There were ne survivors of 
brain abscess/meningo2ncephalitis at 
Stanford, compared with a 20% sur- 
vival rate at our institution for brain 
abscess and encephalitis. Both of our 
survivors had successfully treated 
N asteroides brain abscesses, an enti- 
ty not reported by Britt et al.' Infec- 
tions of the CNS caused by A fumigat- 
us and T gondii were uniformly fatal 
in both series. Candida. albicans, dis- 
seminated to the brain, did not mani- 
fest itself with focal neurologic signs 
or symptoms. In a large group of 
chronically immunosuppressed pa- 
tients with CNS infections described 
by Hooper et al,” no C albicans infec- 
tions were identified. 

The difference in infectious agents 
seen in both transplan: populations 


Table 2.—Central Nervous System Infections After Cardiac Transplantation at Stanford (Calif) University and University of Pittsburgh 


No. of infections 
infection rate, % 13.5 


Iimmunosuppressien 


c s 
1 


Methylprednisolone sodium succinate, 


prednisone, rabbit antithymocyte globulin, 





Organisms isolated 


azathioprine, dactinomycin 
Aspergillus, Toxoplasma, Cryptococcus, Listeria, 


Candida, Coccidioides, Klebsiella, Mucor, 


Rhizopus 


Survival, % 
Abscess/ encephalitis 
Mesungitis 
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99 430 
27 13 
; 3 


Methyiprednisolone, prednisone, rabbit amtithymocyte 
globulin, azathioprine, hydrocortisone sodium 
succinate, cyclosporine, OKT3 


Aspergillus, Toxoplasma, Cryptococcus, Listeria, 
Nocardia, Candida, JC virus 
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may reflect different immunosuppres- 
sive regimens. In our series, meningi- 
tis was caused by Listeria and Crypto- 
coccus, encephalitis by Aspergillus, 
Candida, Toxoplasma and the JC 
virus, and brain abscess by Candida, 
Aspergillus, and Nocardia. Several 
organisms seen in the Stanford series, 
such as gram-negative bacteria, Coc- 
cidioides, and Phycomycetes, were not 
encountered in the CNS of our 
patients. Conversely, no cases of 
intracranial Nocardia were reported 
from Stanford despite well-docu- 
mented pulmonary involvement in the 
transplant population.” 

Viral infiltration of the CNS is a 
uncommon occurrence in heart and 
heart-lung recipients, with only one 
patient developing encephalitis in 
both series. Our morbidity from cyto- 
megalovirus infection has been re- 
ported in 44 heart and five heart-lung 
transplant recipients.” Progressive 
multifocal leukoencephalopathy has 
been seen in renal transplant recipi- 
ents.“ and patients with acquired 
immunodeficiency syndrome“: but 
has not been reported after cardiac or 
heart-lung transplantation. 

Meningitis was caused most fre- 
quently in both series by L monocyto- 
genes and C neoformans. Examination 
of CSF was essential for establishing 
the diagnosis of meningitis, as Crypto- 
coccus was seen in india-ink prepara- 
tion (and later cultured from the CSF) 
and Listeria was cultured from the 
CSF despite normal indexes. A 
marked CSF pleocytosis with either 
polymorphonuclear' leukocytes or 
mononuclear cells has been reported 
with Listeria meningitis.” Cryptococ- 
cal antigen elevation in the CSF has 
been diagnostic of meningitis even 
when the organism has not been seen 
or cultured.” Cryptococcus infection is 
best treated with amphotericin B and 
flucytosine,*' and Listeria infection is 
treated with ampicillin with or with- 
out gentamicin.” 

Aspergillus fumigatus was the most 
common cause of intracranial infec- 
tion in both series, affecting approxi- 
mately one fourth to one third of the 
patients. It has been estimated that 
10% of pulmonary aspergillosis dis- 
seminates to the brain; all of our 
cases followed this pattern. Examina- 
tion of CSF has not been useful for 
establishing the diagnosis.” Early 
diagnosis has been stressed by others 
because of the high mortality associ- 
ated with CNS involvement. Al- 
though successful treatment of CNS 
disease with amphotericin B has been 
reported,” the response to therapy is 
usually poor even outside the CNS. 
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Toxoplasma gondii, a protozoal par- 
asite with a predisposition for the 
CNS in patients with altered cellular 
immunity, caused encephalitis in two 
of our patients; both were diagnosed 
only at autopsy.'** Dissemination 
from the donated heart has been pre- 
viously reported® and was suspected 
in one of our cases. In a review by 
Ruskin and Remington,» only 25% of 
immunocompromised patients were 
recognized as having toxoplasmosis 
before death. Although it frequently 
appears as an intracranial mass 
lesion, seizures and/or the absence of 
symptoms are not uncommon.*”’ 
Definitive diagnosis of toxoplasmosis 
requires tissue examination; however, 
serologic studies may be helpful. Dif- 
ficulty in diagnosis usually leads to a 
delay in treatment that may allow 
disease extension. Effective therapy is 
provided by the combination of sulfa- 
diazine and pyrimethamine, both of 
which cross the blood-brain barrier. 
Pyrimethamine has been given pro- 
phylactically to cardiac transplant 
recipients at high risk for developing 
toxoplasmosis.'® 

Hematogenous dissemination of 
N asteroides to the CNS occurs in 20% 
to 45% of patients.* A mortality of 
50% to 70% for cerebral nocardiosis 
has been reported, although two of the 
three patients whom we treated have 
survived.” Primary pulmonary lesions 
are found in 75% to 85% of the 
patients.” Discrete abscess formation 
is a well-documented occurrence.**** 
Stereotactic aspiration with initial 
multiple antibiotic therapy followed 
by prolonged therapy with sulfisoxa- 
zole has proven an effective therapeu- 
tic regimen.” Stereotactic aspiration 
of intracerebral abscesses with CT 
guidance is now a recognized alterna- 
tive to open craniotomy and drain- 
age.” Conservative treatment of 
cerebral nocardiosis with antibiotics 
alone has been advocated,* but the 
diagnosis of clinical grounds alone 
may be suspect. Sterile CSF with nor- 
mal indexes has been the rule rather 
than the exception with N aster- 
oides.“ 

The CNS in heart and heart-lung 
transplant recipients can be infected 
by a number of opportunistic orga- 
nisms. General systemic health, the 
infectious agent, the type of infection, 
and the immunosuppressive regimen 
employed all proved to be prognostic 
indicators for continued survival. 
Organisms with less virulence, such 
as L monocytogenes and N asteroides, 
were treatable and accounted for the 
only patients cured of their infections. 
Aspergillus fumigatus and T gondii 


were uniformly fatal, accounting for 
and contributing to half or more of 
the deaths seen in both series. Only 
with the early diagnosis of these 
infections through the vigorous sur- 
veillance of the CNS with CSF analy- 
sis and CT or magnetic resonance 
imaging followed by prompt aggres- 
sive surgical, antibiotic, and antifun- 
gal therapy can future fatalities be 
reduced. 
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Selective Attention in Hemispatial Neglect 


Steven Z. Rapcsak, MD; Mieke Verfaellie, PhD; W. Shepherd Fleet, MD; Kenneth M. Heilman, MD 


è To determine how increasing de- 
mands on visual selective attention affect 
the symptoms of hemispatial neglect, we 
studied patients with right hemispheric 
lesions on a cancellation task requiring 
various degrees of focused attention. In 
the target only condition, the patients 
were to cancel all stimuli. In the target- 
nontarget condition, discriminating tar- 
gets from nontargets did not require 
close scrutiny, whereas in the target-foil 
condition, discriminating targets from 
foils required greater attention to detail. 
Our findings indicate that increasing 
demands on visual selective attention 
adversely affect both exploration of the 
left side of space and visual discrimina- 
tion. 

(Arch Neurol 1989;46:178-182) 


Patients with hemispatial neglect 

perform poorly on a variety of 
behavioral tasks on the side of space 
opposite their lesion. In clinical prac- 
tice, the two tasks most commonly 
used to demonstrate this deficit are 
the line bisection and the line cancel- 
lation tasks. When asked to bisect 
horizontal lines, patients with hemi- 
spatial neglect place their mark to the 
side of the midline ipsilateral to their 
lesion. In the line cancellation task, 
the patient is requested to cross out 
lines randomly distributed on a sheet 
of paper. A failure to cross out lines 
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on one side of the page suggests hemi- 
spatial neglect.'? 

Several factors have been shown to 
influence performance on these spa- 
tial tasks. Heilman and Valenstein’ 
demonstrated that patients with 
neglect from right hemispheric 
lesions perform worse on the line 
bisection task in the left hemispace 
than in the right hemispace, providing 
evidence for the role of head and body 
hemispace in determining the symp- 
toms of hemispatial neglect. On can- 
cellation tasks, changes in perfor- 
mance can be induced by manipulat- 
ing the type of stimulus used. Heil- 
man and Watson‘ tested six patients 
with left hemispatial neglect on a 
modified cancellation task using ver- 
bal and visuospatial stimuli. In the 
verbal condition, the subjects were 
asked to cross out target words that 
were mixed with two other words that 
acted as foils. For the visuospatial 
condition, lines in a specific orienta- 
tion served as targets and were mixed 
with other lines oriented in different 
directions. The symptoms of neglect 
were more severe with the verbal than 
with the visuospatial task. These find- 
ings were interpreted to lend partial 
support to the hypothesis of hemispa- 
tial neglect proposed by Kinsbourne.° 
According to Kinsbourne, verbal tasks 
produce left hemispheric activation 
and concomitant turning of the head 
and the eyes to the right, resulting in 
an orientational bias to the right side 
of space. In patients with hemispatial 
neglect from right hemispheric 
lesions, this language-induced left 
hemispheric activation and attention- 
al shift to the right would further 
aggravate the symptoms of left-sided 
neglect. Following this line of reason- 
ing, the use of visuospatial stimuli 


might be expected to produce selective 
activation of the right hemisphere 
and, by creating an orientational bias 
to the left, result in a reduction of the 
symptoms of left-sided neglect. In 
fact, this might explain why the 
patients in the study by Heilman and 
Watson‘ did better on the cancellation 
task with visuospatial stimuli. How- 
ever, a subsequent study by Caplan,‘ 
in which right and left hemisphere- 
damaged patients were tested on can- 
cellation tasks with stimuli designed 
to produce left or right hemispheric 
activation, did not support the 
hypothesis that material-specific 
hemispheric activation significantly 
alters the symptoms of hemispatial 
neglect. The patients in that study 
showed neglect to a comparable 
degree in both the verbal and nonver- 
bal conditions. In addition, on a 
matching-to-sample task of visual 
neglect, Leicester et al’ found that 
neglect was in fact more pronounced 
on tasks using stimuli that should 
have produced selective activation of 
the damaged hemisphere. 

Although the studies cited above 
differ somewhat in methodology and 
therefore may not be directly compa- 
rable, their contradictory findings 
suggest that one must consider other 
factors besides material-specific 
hemispheric activation to influence 
the patient’s performance. For exam- 
ple, if the verbal and visuospatial 
tasks were not balanced for level of 
difficulty, they may not have been 
equivalent in terms of demands made 
on the patient’s ability to selectively 
focus his or her attention. This issue is 
especially relevant because it has been 
proposed that patients with neglect 
have a disturbance of attention- 
arousal mechanisms and consequently 
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may have īmited attentional capaci- 
ty* To determine how increasing 
demands oz visual selective attention 
affect the symptoms of hemispatial 
neglect, we testec patients with right 
hemispher® lesions on a cancellation 
task requring various degrees of 
focused attention. 


SUB=CTS AND METHODS 


Might patents with neglect from right 
hemispheric lesions participated in the 
study. All padents showed left hemispatial 
neg ect on standard line cancellation and/ 
or line biseccion tasks and had computed 
tomographic evidence of a single right 
hemispheric schemic stroke. Five patients 
had frontoparietal infarcts in the distribu- 
tiom of the meddle cerebral artery, one had 
a sion tia invelved both the middle 
cerebral arry and anterior cerebral 
artery territeries due to internal carotid 
occ_usion, ari two had thalamic lesions. 
One of the patients with thalamic infarc- 
tiom had adilitional involvement of the 
rignt calcarime cortex. All patients had full 
extraocular movements. Except for the 
patient with the calcarine infarction who 
hae a left h»monymous hemianopia, the 
visaal fields were judged to be full in all 
subjects, altaough extinction to double 
simultaneous stimulation could often be 
demonstratec. _Infermed consent was ob- 
tained from ell subjects. 


Materials 


We used a seometric figure cancellation 
tas: desigmec to provide conditions that 
required diffe-ent levels of selective visual 
attention fer successful completion. 


Target Onty Condition 


The targets used in this condition were 
4X<4-cm squires divided by two vertical 
anc two horizontal lines into matrices con- 
taining nine @lls of equal size (Fig 1). Ten 
targets were —istributed on = 21.5 X 36-cm 
sheet.of pape: in a “pseudorandom” order, 
so that four targets appeared on each side 
at the page and twe were located in the 
midline. 


Target Nontarget Condition 


The targets in this condition were simi- 
lar to the er=s used in the target only 
cone tion, exept that one eell was now 
blackened (FÈ 2). Again, there were ten 
targets per pase anc their distribution was 
balamced om tae lefi and right side of the 
page as in the target only condition. How- 
ever, for this condition, 14 stimuli desig- 
nated as nontargets were also added, dis- 
tributed equaly between left and right. 
These were identical in appearance to the 
stimuli used i- the target only condition. 


Tareet-Fail Condition 


The targets in this condit-on were the 
same 2s in the target-nontarget condition. 
The foils were dentical to the targets in all 
respects exeert for the position of the 
blaexened cell which varied randomly (Fig 
3). The ten targets and the 14 foils were 


Arch Neurol—ol 46, February 1989 





Fig 3.—Target-foil condition; target stimuli have cell blackened in right upper position. 
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Table 1.—Mean Index of Hemispatial 
Neglect 


SP* Left SP Right 


Target only 7.16 6.64 
Target-nontarget 10.95 9.15 
Target-foil 23.10 20.68 









* SP indicates position of stimulus card. 


distributed equally on the left and right 
side of the page, as in the target-nontarget 
condition. 


Procedure 


Eight trials in each condition were pre- 
sented in the same “random” order to each 
patient. As a result of this design, in the 
target-nontarget and target-foil condi- 
tions, each target (defined by the position 
of the blackened cell) was presented on two 
occasions. The pages were placed in the 
midline directly in front of the patients so 
that the left side of the page was in left 
hemispace and the right side in right hemi- 
space. During the trials, the target stimu- 
lus was displayed on a separate 7.5 X 12.5- 
cm index card. For half the trials in each 
condition, this stimulus card was placed 
next to the left upper corner of the page 
and for the other half, next to the right 
upper corner. Prior to the trials in the 
target-foil condition, we made certain 
patients could discriminate targets from 
foils by asking them to select the target 
stimulus from among three foils arranged 
vertically in the midline on separate stim- 
ulus cards. All subjects were able to per- 
form this task. 

On all trials the patients were instructed 
to cancel all targets on the page using a 
pen held with the extremity ipsilateral to 
the side of the lesion. If the first response 
in the target-nontarget or target-foil con- 
dition was incorrect, it was corrected by 
the examiner. Subsequent incorrect re- 
sponses were not pointed out. There were 
no time limitations. We asked the patients 
to verbally indicate when they considered 
the task completed. 


RESULTS 


To obtain a measure of hemispatial 
neglect, we computed for each subject 
the number of responses in left hemi- 
space as a function of the total num- 
ber of responses. From this, an index 
of hemispatial neglect was derived 
according to the formula “percentage 
expected — percentage observed,” in 
which the percentage expected equals 
50 and represents the percentage of 
responses in the left hemispace in the 
absence of hemispatial neglect. For 
each subject, an index of hemispatial 
neglect ranging between 0 (no neglect) 
and 50 (maximal left-sided neglect) 
was computed as a function of task 
condition (target only, target-nontar- 
get, target-foil) and position of the 
stimulus card (left, right). Table 1 
represents the mean index of hemi- 
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Table 2.—Absolute Number and Proportion of Commission Errors Averaged 
Across Subjects 


Target-Nontarget 


Hemispace 


Target-+ oil 
Hemispace 


= a Ia Ia ÃșnM 


Left 
Absolute number 
SP* left 
SP right 
Proportion 
SP left 
SP right 


* SP indicates position of stimulus card. 


spatial neglect across subjects. These 
data were transformed by means of an 
arcsine square root transformation’ 
and subjected to a repeated measures 
analysis of variance (ANOVA). Be- 
cause the present as well as subse- 
quent analyses of the raw and trans- 
formed data yielded identical results, 
only analyses of the raw data will be 
reported herein. 

The results of the ANOVA revealed 
a significant main effect of task con- 
dition (F[2,14] = 15.29; P < .01). Post 
hoc comparisons (Newman-Keuls) 
indicated that neglect of left hemi- 
space was worse in the target-foil 
condition (mean, 21.89) than in either 
the target only (mean, 6.9) or the 
target-nontarget condition (mean, 
10.05). The latter two conditions were 
not significantly different. Neglect 
did not vary as a function of the 
position of the stimulus card 
(F[1,7] = 0.47). 

As previously indicated, in both the 
target-nontarget and the target-foil 
condition, the position of the target’s 
discriminating feature (blackened 
cell) was varied as well. To assess the 
effect of this manipulation, a further 
analysis was condueted that included 
the factors task condition (target- 
nontarget, target-foil), horizontal 
(left, right), and vertical (up, down) 
coordinates of the discriminating fea- 
ture. Results of this ANOVA revealed, 
in addition to a significant task condi- 
tion effect (F[1,7] = 17.04; P < .01), a 
marginally significant effect of hori- 
zontal coordinate (F'[1,7] = 5.23; 
P = 053), indicating that neglect was 
worse when the target’s discriminat- 
ing feature appeared on the left 
(mean, 19.3) than when it occurred on 
the right (mean, 13.5). 

The finding that left hemispatial 
neglect was affected by the position of 
the target’s discriminating feature 
was confirmed in a subsequent analy- 
sis performed on omission errors. For 
each subject, the proportion of omis- 
sion errors, defined as the number of 
instances in which a subject failed to 


Right 





cross out a target divided by the total 
number of targets, was computed as a 
function of task condition (target- 
nontarget, target-foil) and hemispace 
in which the target’s discriminating 
feature occurred (horizontal [left, 
right] and vertical [up, down] coordi- 
nates). Generally, the fincings of this 
ANOVA corroborated these obtained 
in the previous analyses, in that the 
proportion of omission errors was 
larger in left than-in right hemispace 
(F[1,7] = 14.43; P < .01) and increased 
as a function of task diffieulty 
(F[1,7] = 17.79; P < .01). In addition, a 
significant | hemispace X horizontal 
coordinate interacticn (F[1,7] = 6.40; 
P < .05) was obtainec, indicating that 
whereas the proportion of omission 
errors in the right hemispace was not 
affected by the position of the target’s 
discriminating feature, the proportion 
of omission errors in the left hemi- 
space was higher when the discrimi- 
nating feature occurred on the left 
than when it appeared on the right 
(mean, 0.46 vs 0.32). 

Finally, as a measure of visual dis- 
crimination, we computed for each 
subject the number of commission 
errors, defined as those instances in 
which a stimulus other than the tar- 
get was crossed out. By definition, 
these errors could only occur in the 
target-nontarget anc target-foil con- 
ditions. As shown in Table 2, the 
absolute number of commission errors 
was considerably larger in the right 
hemispace than in the left hemispace. 
However, because the total number of 
responses was also significantly high- 
er in the right hemispace than in the 
left hemispace, those scores were con- 
verted to proportionel scores (ie, num- 
ber of commission errors divided by 
the total number of responses). Re- 
sults of the ANOVA performed on 
these scores revealed a significant 
main effect for task condition 
(F[1,7] = 12.22; P < 01). As is appar- 
ent in Table 2, the proportion of com- 
mission errors was larger in the tar- 
get-foil condition (mean, 9.19) than in 
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thetarget-nəntarget condition (mean, 
0.025). No oher main effects or inter- 
actions were significant. In particu- 
lar, no posi ion of stimulus ecard or 
hemispace efect was obtained. Thus, 
it appears that the proportion of com- 
mission errers as a function of the 
tota! number of responses was similar 
in the left and the right hemispace. As 
can be een. the proportion of commis- 
sion errors in the target-nontarget 
econditicn was negligible. Consequent- 
ly, the effec: of the position of the 
targets disariminating feature was 
assessec only in the target-foil condi- 
tion. Results-of this analysis revealed 
no sigrificaxt effects. This finding 
suggests tha- the proportion of com- 
missionmerrozs was not affected by the 
position of the target’s discriminating 
feature. 


COMMENT 


Our result: indicate tha- neglect of 
the left hemiispace was significantly 
more severe in the target-foil condi- 
tion than in either the target only or 
the target-nentarget condition. These 
findings provide evidence that the 
symptoms ef hemispatial neglect are 
aifeeted by he patient’s ability to 
utilize select ve visual attention to 
meet the demands of the task. Of the 
three conditiens, the target only con- 
ditiom places the least demand on 
seleetive visual attention because no 
discrimination is necessary. The tar- 
get figures are easy to detect because 
they are perceptually well segregated 
from the baccgreund. Thaz this task 
was reletively easy was further at- 
tested tc by the fact that four of our 
eight pacients were able to cancel all 
stimali n ths condition. Although 
the target-momtarget condition does 
involve visual discrimination, it does 
not require elese scrutiny because tar- 
gets are listinct enough frcm nontar- 
gets to prodize an immediate “pop- 
out” efet. In faet, our patients’ per- 
formances in this condition were not 
significantly «ifferent from those in 
the target erly condition. However, 
the meclisier of foils similar in 
appearance tc the targets m the tar- 
get-foil eondi-ion resulted in a dra- 
matic change of performance. This is 
the mos? difacult condition because 
there is ro immediate perceptual seg- 
regation of targets from foils and, 
therefere visual discrimination re- 
quires greater focusing of attention. 

That task dfficulty is a significant 
factor im dete-miming the symptoms 
ef hemispatial neglect was also 
recently iemonstrated by Lecours et 
al” on a Snterce-to-picture-matching 
task. Lett hemisphere-damaged pa- 
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tients in that study showed a tendency 
to explore both sides of space when 
tested with “simple” linguistic stimu- 
li, but they limited their exploration 
to the side of space ipsilateral to their 
lesion when syntactically more com- 
plex sentences were used. Although 
the right-sided neglect of left hemi- 
sphere-damaged patients was mani- 
fested mostly when the target sen- 
tences were relatively complex, the 
performance of right hemisphere- 
damaged patients with left-sided 
neglect was not sensitive to the lin- 
guistic complexity of the stimuli. 
However, our study demonstrates 
that right hemisphere-damaged pa- 
tients with left-sided neglect are sen- 
sitive to level of difficulty in tasks 
that use primarily visuospatial stimu- 
li. Taken together, these findings sug- 
gest that the symptoms of hemispa- 
tial neglect are likely to be affected 
both by the type of stimulus used in 
the behavioral task (verbal vs visuo- 
spatial) and by the level of task diffi- 
culty. 

~Gainotti et al’ found that right 
hemisphere-damaged subjects ne- 
glect the left side of foveated images, 
but they did not investigate if these 
were hemispatial interactions. Our 
analysis of omission errors revealed 
that a failure to cancel targets in the 
left hemispace may not only reflect 
defective exploration but may also be 
related to an inability to attend to the 
critical discriminating feature of the 
target. This is demonstrated by the 
finding that the proportion of omis- 
sion errors in the left hemispace was 
higher when the discriminating fea- 
ture occurred on the left side of the 
targets than when it appeared on the 
right. 

In addition to the detrimental effect 
on spatial exploration, increasing 
demands on visual selective attention 
also adversely affected visual discrim- 
ination and resulted in a significant 
number of commission errors in the 
target-foil condition. It is important 
to point out that patients were able to 
discriminate targets from a limited 
number of foils when these were pre- 
sented in the midline prior to the 
beginning of the trials and failed only 
when the targets had to be located and 
identified in a field of foils in the 
context of the cancellation task. 
Increasing the number of distractors 
similar in appearance to the targets 
significantly increases the demands 
on selective attention in visual search 
tasks." This manipulation resulted 
in a failure of visual discrimination in 
the target-foil condition, reflecting 
the patient’s inability to utilize visual 


selective attention to focus on the 
critical stimulus variable. The propor- 
tion of commission errors as a func- 
tion of the total number of responses 
was similar in the left and right hemi- 
spaces, indicating that responses were 
equally likely to be imcorrect in both 
hemispaces. 

To understand the mechanisms by 
which increasing demands on visual 
selective attention produce the ob- 
served effects on performance, we 
need to examine what is known about 
the role of seleetive attention in 
human vision. Julesz'® and others!*!”!8 
have suggested that the visual system 
functions in two distinct modes: 
preattentive and attentive. Accord- 
ing to Julesz and assoeiates, >” preat- 
tentive vision operates in parallel (ie, 
independent of the number of pat- 
terns) and mediates texture discrimi- 
nation by detecting conspicuous local 
features or textons. Preattentive 
vision identifies locations where dif- 
ferences in textons exist. Perceptual- 
ly, this results in the familiar pop-out 
effect that is produced by texture seg- 
regation or figure-ground grouping. 
Preattentive visual processing is 
instantaneous, effortless, and covers a 
large visual field.’ However, subse- 
quent detailed visual analysis of stim- 
uli at the conspicuous locations identi- 
fied by the preattentive visual system 
requires focused attention. Julesz'* 
proposed that the role of preattentive 
vision is to direct attentive vision to 
locations where texton differences 
exist. On the other hand, when 
inspecting displays that do not yield 
preattentive texture segregation, tar- 
gets can be located only by attentive 
vision, without guidance from preat- 
tentive vision.’ Attentive vision 
relies on serial processing and 
requires an effortful, stimulus-by- 
stimulus sequential scanning of the 
display by the “spotlight” of focal 
attention. As discussed before, the 
serial search by attentive vision can 
be made more difficult by increasing 
the number of distractors in the dis- 
play or by using distractors that are 
difficult to discriminate from the tar- 
get, !215 

Studies in normal subjects have 
shown that performance on tasks 
requiring serial or “control” process- 
ing is limited by attentional capacity, 
whereas more automatic tasks that 
can be performed effortlessly and in 
parallel have no such limitations.” 
Therefore, a reduction in attentional 
capacity will harm serial processing 
much more severely than automatic 
processing.” As mentioned previously, 
it has been proposed that patients 
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with neglect have a disturbance of 
attentional-arousal mechanisms? and 
may have reduced attentional capaci- 
ty.’ Consequently, one would predict 
these patients will be most impaired 
on tasks requiring serial or control 
processing. Our results support this 
hypothesis because performance was 
most impaired in the target-foil con- 
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dition. This condition places the high- 
est demands on visual selective atten- 
tion and, therefore, the patients had 
to rely exclusively on serial process- 
ing. In the target only and target- 
nontarget conditions, the patients 
performed better since they could uti- 
lize the more automatic preattentive 
texture discrimination process that 
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Fellowship in Neurology 
of Aging 
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1989. for the-Neurobiology of 
Aging: Thepasition includes oppor- 
tunities forboth clinical and basic 
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the diagnosis and management of 
neurologic disorders occurring with 
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years, and ill include opportunities 
for participation in ongoing studies 
in meuropharmacology, neuropath- 
olagy, molecular neurobiology, neuro- 
psychelogy, and the design of clini- 
cal studies. Neurolagy residence 
training or equivalent experience is 
required. The fellowship is in the 
Neurology Department at the 
University of Massachusetts Medical 
Center. Please sendireplies to David 
A. Drachman, MD, Professor and 
Chairman, Department of Neurology, 
U Mass MedicaltCenter, 55 Lake 
Avenue North, Worcester MA 
01655. UN'MC is an equa! opportu- 
nity/afimnetive action employer. 
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THE NATIONAL NEUROFIBROMATOSIS 
FOUNDATION 


announces the availability of 
YOUNG INVESTIGATOR AWARDS 


which will provide salary support not to 
exceed $35,000 annually for periods up to 
two years 


and 
RESEARCH GRANTS 


which will provide up to $50,000 for up to 
two years for research on the cause and 
treatment of neurofibromatosis 


The deadline for filing applications for 
awards to be activated during the 1989- 
1990 academic year is April 1, 1989 


For information or applications please 
contact: 


The National Neurofibromatosis 
Foundation 
141 Fifth Avenue, Suite 7-S 
New York, NY 10010 
(212) 460-8980 
1-800-323-7938 outside New York State 
Fax# (212) 529-6094 





NEUROLOGIST 


Our practice is seeking 
a subspeciality trained 
board certified or board 
eligible adult neurologist. 
The practice is basically a 
private practice in a univer- 
sity hospital setting. We 
are most interested in an 
individual with EMG/neu- 
romuscular training and 
expertise but other spe- 


cialty areas would be con- 
sidered. Our hospital has a 
full range of diagnostic 
capabilities including MRI, 
PET and neuroradiology. 


Interested applicants 
should forward a curricu- 
lum vitae to: 


William A. Paulsen, M.D. 

1928 Alcoa Highway, 
Suite 126 

Knoxville, TN 37920 
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Magnetic Resonance Imaging in a Family With 
Hereditary Cerebral Arteriovenous Malformations 


Jeffrey C. Allard, MD; Fred H. Hochberg, MD; Peter D. Franklin, MD; Anthony P. Carter, MD 


è Because of a family history of neuro- 
logic problems and the documentation of 
three vascular lesions in one patient, we 
evaluated 18 members representing three 
family generations with magnetic reso- 
nance imaging. Of these, eight were nor- 
mal, two had abnormalities probably not 
related to arteriovenous malformation, 
one scan was suboptimal, and the remain- 
ing eight had evidence of hemorrhagic 
lesions characteristic of arteriovenous 
malformation. Four of these patients had 
multiple lesions, and three patients with 
lesions had no neurologic symptoms. The 
findings suggest an autosomal dominant 
mode of inheritance in this unique case of 
familial cerebral arteriovenous malforma- 
tion. 

(Arch Neurol 1989;46: 184-187) 


rteriovenous malformations 
(AVMs) of the brain are a hamar- 
tomatous persistence of the primitive 
capillary plexus that fails to form 
mature arteries and veins. These 
tumorlike masses may grow, influence 
surrounding brain tissue, and bleed.’ 
Although AVMs are one tenth as com- 
mon as cerebral aneurysms, intracra- 
nial hemorrhage in a patient under 
age 35 years is more often due to AVM 
than aneurysm.’ 
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Hereditary predisposition to cere- 
bral AVMs has been reported in asso- 
ciation with similar malformations of 
the gastrointestinal tract, skin, and 
eye. Rendu-Osler-Weber disease, an 
autosomal dominant syndrome, is 
characterized by nasal and gastroin- 
testinal bleeding. Pulmonary AVMs 
are much more common (15% inci- 
dence) than cerebral lesions. Sturge- 
Weber and Hippel-Lindau described 
two other inherited neuroectodermal 
disorders that may account for the 
appearance of vascular malforma- 
tions of brain in younger patients. 

There are other reports in the liter- 
ature of cerebral AVM in families 
without the involvement of skin, eye, 
or viscera.*’ Although as many as ten 
members of one family were reported 
to have cerebral AVMs, there was 
pathologic verification in only two 
and radiographic verification in 
none.’ Boyd et al’ described four rela- 
tives with computed tomographic 
demonstration of AVM. Whereas 
magnetic resonance imaging (MRI) is 
increasingly utilized for brain imag- 
ing studies and its utility in imaging 
vascular malformations is estab- 
lished,* we studied a family suspected 
of having hereditary cerebral AVMs, 
although most members were asymp- 
tomatic. 


PATIENTS AND METHODS 


A 19-year-old man (Fig 1, patient 3) 
presented with sudden onset of headache, 
dizziness, and diplopia. Radiologic evalua- 
tion was remarkable for demonstrating 
three vascular lesions (Table), with symp- 
toms likely due to acute pontine hemor- 
rhage. Proton beam therapy was given. His 
family history was notable in that his 
father (patient 1; Fig 2) had fallen on the 


ice seven years previously, followed by an 
apparent hemorrhage imto the subcortical 
white matter. The father also had a history 
of headaches and bitemporal visual blur- 
ring. The patient’s uncle (patient 2) was 
related to have had a sever2 headache 18 
years previously and currently was 
undergoing psychiatric treatment. 

Because of this history, all members of 
this Italian-American family were invited 
to have MRI scans to determine the overall 
incidence of cerebral AVMs. Fourteen fam- 
ily members agreed and were imaged on a 
Fonar 3000 (Melville, NY) permanent mag- 
net system operating at a field strength of 
0.35 tesla. Axial sections (7.5-mm thickness 
and 2.5-mm gap) were taken with a double 
spin echo sequence (excitation time, 42 and 
84 ms; repetition time, 2000 ms). Four 
additional family members had MRI 
studies performed at other times and were 
therefore included for analysis. Other 
radiologic studies were reviewed or ana- 
lyzed when available. 


RESULTS 


Clinical features in this family 
included a history of epistaxis in three 
(none with lesions), headache in four 
(including patients 1 through 3), and 
subcutaneous lipomas in three (none 
with lesions). None had visible cuta- 
neous telangiectasias, but one (with- 
out lesion) had a history of surgery 
for a hemangioma of the thigh. The 
neurologic symptoms of three pa- 
tients (patients 1 through 3) have 
been described. An additional patient 
(patient 6; Fig 3) had aphasia. Three 
patients with lesions were asymptom- 
atic. 

One of the 18 scans had motion 
artifact and is excluded from analysis. 
Eight of 17 family members had nor- 
mal MRI scans (Fig 1). One 74-year- 
old man had evidence of cerebral atro- 
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Arteriovenous Malformation Description * 


Patient Location of 
No. Arteriovenous Malformation Size, mm 
1 L occipital WM 10 X 10 
L pestmedial parietal GWJ 15 X 15 
L centrum semiovale (parietal) 10 X 8 
R splenium of corpus callosum 5X5 
L parieto-occipital WM 7X3 
R occipital WM 5X4 
L central pons 6x4 
2 L parietal WM 15 X 15 
L frontal WM 7X3 
L posterior hippocampus (GM) 3X2 
3 R frontal WM 10 X 10 
R occipital WM 6X4 
Mid pons 20 X 15 
| 4 L pestfrontal operculum (GM) 8X7 
a A Tae GA a eS CS SB aS 
| 8 L Wernicke’s GM 18 X 12 
L frontal insula (GM) 5X4 
L body of corpus callosum 20 X 15 











Appearance 
HS center, LS periphery 
HS center, LS periphery; possible vessels 
HS 
LS center, partial HS periphery 
HS 
LS center, partial HS periphery 
Mixed (HS and LS) 
HS center, LS periphery 
HS center, LS periphery 
HS 
HS center, LS periphery 
HS center, LS periphery 
- Mixed (HS and LS) 
HS center, LS periphery 













HS center, LS periphery; possible vessels 
‘HS center, LS periphery 
HS center, LS periphery; possible vessels 









*L indicates left; R, right; WM, white matter; HS, high signal; LS, low signal; GWJ, gray-white junction; and GM, gray matter. 
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Fig 1.—Family tree. Squares indicate males; circles, females; numbers inside squares and 
circles, age in years; shading, arteriovenous malformation on magnetic resonance imaging; 
asterisk, suboptimal study; and dagger, neurologic symptoms. Patient numbers are to right of 


squares and circles. 


pħy and periventricular high-signal 
areas on T, weighting, felt to be con- 
sistent with small-vessel disease.’ 
Another asymptomatic 13-year-old 
boy kad an 8- by 3-mm high-signal 
area on T,-weighted images in the left 
anterior cavernous sinus/inferior or- 
bital fissure region that was of 
unclear significance and felt to be 
unrelated to an AVM. 

Eighteen lesions characteristic of 
hemorrhagic AVM were identified in 
, the remaining seven patients (Table, 
_ Figs 1 through 4). Only two of these 
lesions were in the posterior fossa. 
Thirteen lesions were located in white 
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matter and five were in gray matter. 
Thirteen were on the left and four 
were on the right side of the brain. No 
lesion was larger than 2 cm in diame- 
ter, and eight were 10 mm or larger. 
Half of the lesions had a hyperintense 
center with a peripheral rim of 
hypointensity on T.-weighted MRIs. 
This has been described as the typical 
appearance for a focus of chronic 
hemorrhage.” Six lesions were pre- 
dominantly high signal, which is more 
typical of subacute hemorrhage. 
Three of the larger lesions (Figs 2 
through 4) had nearby serpentine or 
circular low-signal areas that were 


suggestive of hypertrophied vessels 
feeding the AVM.: Three lesions had 
central low-signal areas probably rep- 
resenting calcification.*° 

Additional studies in patient 3 
included a noncontrast computed 
tomogram (CT), whieh showed a 
hyperdense region with probable 
punctate calcification in the pons 
where there was clinically felt to be 
recent hemorrhage. Magnetic reso- 
nance imaging demonstrated this 
lesion and two others. Angiography 
showed no abnormal vessels. Patient 6 
with a hemorrhagic lesion on MRI 
(Fig 3) had a contrast CT that demon- 
strated a corresponding lesion with a 
serpentine enhancing pattern consid- 
ered typical for an AVM.’ 


COMMENT 


Cerebral AVMs can be subclassified 
depending on their size, type of ves- 
sels, and location.'*" Many of the 
lesions in this family probably repre- 
sent telangiectasias, in that they are 
small and, in at least one case (patient 
3), angiographically eccult. Further- 
more, telangiectasias are known to be 
occult unless they bleed, which occurs 
in the minority of cases.' Other 
authors would include telangiecta- 
sias under the category of cryptic 
AVMs. According to some series, 
cryptic AVMs can account for as 
many as half of all AVMs, in which 
case they are not visible angiographi- 
cally and are more often multiple 
than classic AVMs.°” Three of our 
larger lesions, on the other hand, did 
have surrounding areas consistent 
with feeding vessels, suggesting that 
they may have been visible had angi- 
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Fig 2.—Four consecutive magnetic reso- 
nance images (spin echo 200C/84 ms) of 
patient 1. Top left, Largest lesion is in left 
occipital white matter. Second lesion is ncted 
in left parieto-occipital white matter. Top right 4 
Lesions are noted in right splenium of corpus 
callosum and right occipital white matter. Bot- 
tom left, Largest lesion is in left posteromedia 
parietal gray-white junction (arrows). There 
are at least seven smaller areas of hemor- 
rhage or vascular insult on this section not 
included in Table. Bottom right, Upward exient 
of large lesion in bottom left s posterior. 
Rounded low-signal regions (arrows) on this 
section and in bottom left are suggestive of 
feeding vessels. 





Fig 3.—Magnetic resonance imaging scans on patient 6 at nearly identical levels. Left, Spin echo 

42/2000-ms technique shows serpentine low-signal structures (arrowheads) anterior and 

posterior to large Wernicke’s lesion consistent with hypertrophied middle cerebral feeding Fig 4.—Large lesion in patient 7 is located in 
vessels. Right, Spin echo 84/2000-ms technique accentuates posterior low-signal rim of | body of left corpus callosum. Circular low- 
hemorrhage (arrowhead) consistent with paramagnetic effect of hemosiderin. Small lesion in signal structure (arrowhead) is suggestive of 
insular cortex is also noted (arrow). feeding vessel. 
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egraphy been performed. 

Although MRI is more sensitive 
than CT in the detectior. of cryptic 
AVMs associated with kemorrhage, 
CT still has an advantage over MRI 
when the only finding is a small focus 
of ealeification*® Nevertheless, the 
rad ation exposure and necessity for 
intraverous contrast with CT makes 
for a less desirable study. The MRI 
findings of hemorrhage have been 


described.’'' Briefly, subacute or 
ehrenic hemorrhage can appear 
hyperintense on T,-weighted se- 


quences because of the vresence of 
extracellular methemoglobin. The rim 
ef lew signal seen in most of our cases 
is likely due to the paramagnetic 
effects of hemosiderin, which is more 
typically seen with older bleeding epi- 
sodes. 

The hereditary pattern :n this fam- 
ily, wherein about half of ll members 
are affected, suggests an autosomal 
dominant pattern with strong pene- 
traton. In ‘act, we could find no series 
ef patients as large with a higher 
pereentage of affected siblings, al- 
though two of three siblings,’ three of 
five siblings,’ and three of three sib- 
lings’ heve been so involved in other 
reperts. These numbers are not 
impossible, considering statistical 


1. Pia HW, Gleave JRW, Grote E, et al (eds): 
Cerevral Angtemas: Advances in Diagnosis and 
Therawy. New York, Springer-V2rlag NY Inc, 
1975, pp 9-26. 

2. .ocks ey HB: Natural history of subarach- 
noid hemorrhage, intracranial aneurysms, and 
AVMs. J Neurosurg 1966;24:219-239. 

3. Soyd MC. Steinbok P, Paty DW: Familial 
AVMs. J Neurosurg 1985;62:597-599. 

4. Xidd HA, Cumings JN: Ceretral angiomata 
in an [celandie family. Lancet 1947;1:747-748. 
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variation in chromosomal distribu- 
tion. The mortality rate in these fam- 
ilies is higher than in our case, and 
angiography has been positive when 
performed, unlike our case.*’ On the 
basis of the findings in this family 
and others, one could offer those 
patients who are affected genetic 
counseling to the effect that any off- 
spring would have a 50% chance of 
inheriting the disorder. This pattern 
of heredity seems common in cases of 
hereditary vascular malformation (eg, 
Rendu-Osler-Weber and Hippel-Lin- 
dau syndromes). 

All bleeding episodes in this family 
were intracerebral and none were 
subarachnoid in location. This fact, 
the relative small size, and the noncri- 
tical white matter location (eg, 
patients 5 and 7) may account for the 
lack of symptoms in three of seven 
patients with lesions in this study. 
Most of the therapeutic options for 
patients with AVMs have focused on 
the classic cases with angiographical- 
ly demonstrable lesions.’* In these 
patients, the average yearly risk of 
first bleeding episode is 2% to 3%. 
Maximal risk of rebleeding is 6% for 
the first year and increases with age. 
Furthermore, the benefits of surgery 
would have to be balanced against the 
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risk, and the accessibility and location 
of the lesions would need to be consid- 
ered. An alternative approach might 
be for periodic follow-up examina- 
tions to evaluate possible growth of 
any lesion. Some authors have sug- 
gested that lesions in the vascular 
territory of the middle cerebral artery 
are more likely to enlarge. Indeed, two 
(patients 1 and 6) of our three lesions 
with suggested feeding vessels were in 
the territory of the middle cerebral 
artery. 5) N 

In conclusion, diagnostic strategies 
for AVM should include MRI as a 
primary screening modality because 
of its extreme sensitivity for the 
depiction of vascular structures as 
well as hemorrhage.’ Our case study 
supports the use of MRI in screening 
family members of a patient with 
known AVM and positive family his- 
tory of neurologic symptoms. As in 
this family, even young asymptomatic 
relatives may have detectable lesions. 
An autosomal dominant mode of 
inheritance may form the basis for 
genetic counseling. 
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research grant from Somerset Diagnostic Imag- 
ing Center, Boston. 
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11. Gomori JM, Grossman RI, Goldberg HI, et 
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Prognostic Value of Electrically Elicited 


Blink Reflex in Neonates 


Junke Tanaka. MD; Takashi Mimaki, MD; Hyakuji Yabuuchi, MD 


@ The elecerically elicited blink reflex 
(BR) was-evaluated in 80 normal neonates 
and T2 neonates with neurologic abnor- 
malities. In ormai subjects, R1 and bilat- 
eral R2 respenses were elicited both 
while awake «nd in a quiet sleep state. 
Whereas the Rl response was consistent- 
ly elicited in tha active sleep state, as well 
as while awexe, the ipsilateral R2 re- 
sponse was markedly suppressed and the 
contralateral 22 response was almost 
absent. The BF in neonates w th neurolog- 
ic abnormalitas showed tke following 
variable results: normal, prolonged laten- 
cy, of suppressed response at initial 
recording. Abeormal BRs were detected 
in most neonates with respiratory or suck- 
ing problems. While neonates in whom a 
suppressed response or prolonged laten- 
cy persisted fer over three months had a 
poor nrognosi., those with normal BRs or 
early correctien of the BR abnormality 
had almost noma! development. The BR 
appears to be useful not only to evaluate 
brain-stem function in the neonatal period 
but aso to predict subsequent outcome. 

(Arch Neuro 1989;46:189-194) 


Mhe electrically elicited blink reflex 

(ER) consSts of an ipsilateral ear- 
ly component (R1), which is a simple 
pontine refiez, and a bilateral late 
component (32), which is relayed 
through a more eomplex polysynaptic 
pathway, inc_iding the pons and lat- 
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eral medulla.' In adults, the BR has 
been widely used in the diagnosis of 
brain-stem disorders as well as the 
auditory brain-stem response. While 
the BR is a noninvasive and easily 
applicable method for neurophysio- 
logic examination, there are only a few 
reports of this reflex in neonates,” 
and the results reported are inconsis- 
tent. The purpose of this study was to 
describe the features of the BR in 
normal neonates and its prognostic 
value in neonates with neurologic 
abnormalities. 


SUBJECTS AND METHODS 


The electrically elicited BR was exam- 
ined in 80 normal neonates from 32 to 42 
weeks of age and in 12 neonates with 
neurologic abnormalities. Informed con- 
sent was obtained from their parents fol- 
lowing a full description of the procedure. 
In the 80 normal neonates, the test was 
conducted approximately 30 to 60 minutes 
after feeding, when they were either in a 
quiet wakeful state with eyes open or 
sleeping. No sedation was used. The states 
of sleep were monitored by electroencepha- 
logram (EEG), respirogram, and observa- 
tion of body movements. Sleep stages were 
identified by several criteria. In the quiet 
sleep (QS) state, the eyes were closed, 
respiration was regular, and no body move- 
ment appeared. The EEG disclosed trace 
alternation in mature neonates and trace 
discontinuation in premature neonates. In 
the active sleep (AS) state, the eyes were 
closed, respiration was irregular, both in 
rate and amplitude, and intermittent, 
migratory movements were observed in 
the face or limbs. The EEG was continuous 
and consisted of mixed frequencies of low 
amplitude. The electromyogram of the sub- 
mentalis muscle and the electro-oculogram 
could not be observed because of technical 
problems. In neonates with neurologic 
problems, serial BRs were recorded when 
the neonate was awake, after recovery 
from the acute illness. 


The BR was evoked by percutaneous 
electrical stimulazion sufficient to produce 
a relatively constant response with repeat- 
ed stimulation at a rate of every 25 to 30s 
using an electromyograph (Neuropack 
MEM 3102, Nihor Koden Co, Tokyo). The 
supraorbital nerve was stimulated (0.2 ms) 
at the supraorbital foramen. The BR 
responses were recorded on both sides 
simultaneously. The aetive electrode was 
placed on the lower lateral aspect of the 
orbicular muscle of the eye with a refer- 
ence electrode on the temple. A ground 
electrode was located en the nasion. The 
latencies of the BR responses were mea- 
sured on a time scale from the stimulus 
artifact to the in tial deviation from the 
baseline (5 ms per division for the R1 
response and 10 ms per division for the R2 
response). For each subject, at least three 
responses for R1 and R2 were recorded in 
each state, and the shortest latency was 
recorded. 

To provide a statistical analysis of the 
latency of BR responses in different states 
of waking and sleeping, Student’s ¢ test 
was used. The mean latency plus 2.5 SDs 
from the normal group was taken as the 
upper limit of normal. 


RESULTS 
BR in Normal Neonates 


Of 80 neonates, 15 were awake and 
32 were in AS throughout the test. In 
the other 33 neonates, brief waking 
periods occurreé at the beginning or 
at the end of the testing period. In 16 
neonates, BR was recorded in AS and 
while awake, and, in 17 neonates, BR 
was recorded in QS, AS, and while 
awake. 


BR Waile Awake 


Blink reflex was studied in 48 
awake neonates. The R1 response was 
always present on the stimulation 
side. The latency of the R1 response 
was inversely related to age in QS, AS, 
and while awake (Fig 1). No signifi- 
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P<.01 


y = —0.3238x + 65.32 
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Fig 1.—Retatiorship between R~ latency and 
age. The R1 wBspense was elicited while 
awake and durirg each sleep state. Latency 
of R1, consisterzly elicited during wake-sleep 
cycle, was invessely related to age. AS indi- 
cates active sie=p; QS, quiet sleep. 


Fig 2.—Retatiorship between R2 latency and 
age while awake and during quiet sleep (QS) 
CR2 indicates cantrelateral R2; IR2, ipsilateral 
Re. 


cant difference was seen in each state. 
The R2 responses were slightly more 
dificult to evoke than were the R1 
responses, especially the contralateral 
R2 (CR2` resvonse. The R2 responses 
were unstabe, variable even at the 
same stimulas intensity, and occa- 
sionally disappeared. However, if the 
R2 responses disappeared, they were 
recorded in 42 neonates after the var- 
ieus sensory stimuli used had raised 
the vigilance level. In the other six 
neonates. a CR2 response was not 
elicited despte the presence of an 
ipsilateral RE (IR2) response. Where- 
as R2 waveform morphologic findings 
tended te shew a continucus pattern 
in 26cases, ir the other cases a single 
short burst er polyphasic potentials 
recurring at intervals of 8 to 15 ms 
were elicited While no relationship 
was seen between the IR2 latency and 
age, the CR2 latency tended to be 
inversely related to age in QS and 
while awake Fig 2). 


ER While Sieepinc 


Blink refie» was studied in 65 sleep- 
ing neorates In AS, R1 responses 
remainec stasle, as was the case while 
the neonate was awake. However, R2 
responses, especially the CR2 re- 
sponse, Showed marked suppression. 
The |R2 response showed the follow- 
ing variable reactions to the same 
intensity a singie potential, a single 
shor*-burst:potential, and short-burst 
potentials that were repeated two to 
three timesa_ intervals of 15 to 20 ms. 
The CR2 respenses were almost 
absent in all cases. However, in QS, 
recorded in only 17 neonates, most 
cases shewed R2 responses similar to 
those seen while awake (Fig 3). For R1 
and bilateral R2 latencies, no signifi- 
cant differermes were seen between 
the two states, using the paired t test 
for the same neonates. 


BR im Neonates With Netrologic 
Problems 


Table 1 sammarizes the clinical 
data in 12 neonates with neurologic 
probsems Pa-ients 1 through 10 were 
asphyxiated neonates. Patient 11 suf- 
ferec frem an oeclusion of the right 
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Fig 3.—Normal blink reflex pattern during wake-sleep cycle in neonates at age (A) indicated. 
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Table 1.—Clinical Data in Neonates With Neurologic >roblems* 


BR at 
Case Age, BW, DMV, Age at Initial 
No. wk g AS d BF, d NC CT Recording Outcome 
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BA Abnormal SQ 





39 3382 2, 3 13 DLD Abnormal SQ 
40 2320 1, 4 12 Normal Abnormal Normal 
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40 3430 i Pini - Normal Normal Normal 
10 40 4445 5, ies _ Normal Normal Normal 
40 3050 T y + FLD Abnormal Normal 


11 : 
12 39 3438 7,3 Pes 40 — BA Abnormal Died 


* BW indicates birth weight; AS, Apgar score (obtained at one and five minutes, respectively); DMV, duration 
of mechanical ventilation; BF, bottle feeding; NC, neonatal convulsion; CT, computed tomography; BR, blink 
reflex; DLD, diffuse low-density white matter; BA, brain atrophy; FLD, focal bw-density white matter; SQ, 


© 
oe | |j A 





spastic quadriplegia; plus sign, condition present; minus sign, condition absent; and plus sign over minus sign, 


doubtful. 


middle cerebral artery. Patient 12 had 
a congenital brain anomaly. Patients 
1 through 5, 11, and 12 had abnormal 
BRs at the initial recording. Patients 
6 through 10 had normal BRs. Of 
seven neonates with respiratory or 
sucking problems in the neonatal 
period (cases 1 through 6 and 12), six 
had abnormal BRs. The other neonate, 
with normal BRs, had very mild neu- 
rologic problems. Of five neonates 
without problems, four had normal 


BRs. The other one (case 11) had a 
prolonged R1 latency (17.0 ms on the 
left side and 19.6 ms on the right side) 
at age 1 day, but this gradually short- 
ened and returned to the normal 
range at age 48 days. She had under- 
gone physical <herapy since age 4 
months and showed no neurologic 
sequelae at age 10 months, in spite of 
cerebral damag2. The serial BRs in 
patients 1 through 4 and 12 are shown 
in Figs 4 througa 8. The BR in patient 
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Stimulation on Left Side 





Fig 4.—Blink reflex (BR) (left) and computed tomographic findings 
(right) in patient 1 at age 70 days, when patient was inactive and 
required nasogastric feedings. More intense stimulation, above 200 V, 
was needed. With left-sided stimulation, BR was not elicited, whereas, 
with right-sided stimulation, R1 response was elicited with prolonged 
latency, ipsilateral R2 response was suppressed, and contralateral R2 
response was absent. On follow-up examinations, patient had no 
evidence of development progress. She died at age 5 months. 
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Fig 5.— Serial blink reflexes (BR) (left) and computed tomographic (CT) 
findings in case 2. Despite only mild abnormality on CT, BR was difficult 
to elicit; small R1 responses with prolonged latency and markedly 
suppressed R2 responses were elicited at maximal stimuli throughout 
course of illness. Follow-up at age 10 months revealed that patient was 
unresponsive to all but painful stimuli and had evidence of spastic 
quadriplegia. 





Fig 6.— Serial blink reflexes (left) and computed tomographic findings 
(right) in case 3. Computed tomographic findings showed only mild 
brain atrophy. The R1 response was normal, whereas R2 response was 
delayed at age 21 days. Thereafter, R2 latency decreased gradually 
but did not recover to normal. Patient had evidence of spastic 
quadriplegia and required nasogastric feedings at age 10 months. 
Shaded areas indicate normal range. 
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Fig 7 —Compused tomographic findings (left) and serial blink reflexes 
(might) imcase4 Whereas R1 and R2 latencies were prolonged at age 7 
days, they recovered progressively thereafter and returned to normal at 
age | month despite diffuse cerebral damage. Patient underwent 
therapy with edenocorticotropic hormone due to intractable seizures at 
age 5 months. Fatient had evidence of spastic quadriplegia but did not 
have feeding pmblems at age & months. 
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Fig &—Compweed tomographic findings (left) and serial blink reflexes 
(eght) in case 12. Neomate had macrogyria and mild brain atrophy. 
Patient was nmctive amd unable to suck milk until age 40 days. 
Patient's resp ration wassshallow, and she gradually became hypercap- 
nic. The-R2 response was suppressed with maximal intense stimulation 
throughout couse of iliness. Patient exhibited delayed neurologic 
development amd died at age 6 months. 





5, in whom only am R1 response was 
elicited on both sides: at age 8 days, 
normalized five days later. 

Table 2 demonstrates the relation- 
ship between BRs, computed tomo- 
Difuse low-density graphic (CT) findings, and neurologic 

oe sequelae. Five of six neonates with 

normal CT findings had normal BRs, 

and the other had suppressed R2 
responses at the initial recording, 
which returned to nermal within a 
week. All neonates had excellent out- 
PL(N = 1) Normal SA Te comes. On the other hand, all six 
Normal 7 P neonates with abnormal CT findings 

Normal (N = 5) Ta e h Kipa had abnormal BRs at the initial 


* CT indicates somputed tomogravhy; BR, blink reflex; CP, cerebral palsy; SR, suppressed response; and recording. The two neonates in whom 
PL, prolonged R tzand/or R2 latency. suppressed BRs persisted (one with 


PL (N = 1) 
Atrophy (N = 3) PL (N = 1) 
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brain atrophy and the other with dif- 
fuse low-density white matter) died at 
ages 5 and 6 months, respectively. In 
the other two neonates with brain 
atrophy, the BR abnormalities re- 
mained after age 2 months, respective- 
ly. One child with diffuse low-density 
white matter, whose BR returned to 
normal during the second month of 
age, developed cerebral palsy. 


COMMENT 


The present study of BRs in neo- 
nates during the wake-sleep cycle 
revealed the following: (1) the synap- 
tic connection of the BR appears to be 
established in neonates after age 32 
weeks; (2) the latency of the R1 
response, consistently elicited both 
while awake and in each sleep state, 
was decreased with advancing age, 
thus suggesting the myelination of 
the pons as well as the fifth and 
seventh cranial nerves during the neo- 
natal period; (3) the developmental 
changes and excitability of bilateral 
R2 responses seem to be less than 
those of the R1 response, which may 
be due to either the lower excitability 
level in the polysynaptic reticular sys- 
tem, the immaturity of the cortical 
facilitative pathway over the BR,® or 
sleepiness after arousal; (4) the IR2 
response was suppressed and the CR2 
response was almost completely 
absent in AS (rapid eye movement 
[REM] sleep); and (5) in QS (non-REM 
sleep), both IR2 and CR2 responses 
recovered from the suppressed IR2 
response and generally were similar 
to those recorded while the infant was 
awake. In our study of BRs in awake 
normal neonates, R1 and bilateral R2 
responses were elicited in 100% and 
about 90% of neonates, respectively. 
Considering the possibility that sleep- 
iness after arousal explains the 
approximate 10% of neonates in our 
study without CR2 responses, these 
findings are consistent with the 
results reported by Tanaka et al,’ 
where R1 and bilateral R2 responses 
were elicited in all term infants. The 
results in the present study of neo- 
nates during the wake-sleep cycle 
were inconsistent with the results 
observed in adults'*” and children,’ 
where the reflex is depressed in non- 
REM sleep and is not suppressed in 
REM sleep. Active sleep in neonates, 
although without muscle atonia, is the 
equivalent of REM sleep in adults. 
Recent studies indicate that the 
region responsible for atonia in REM 
sleep is located at the peri locus ceru- 
leus alpha." Rapid eye movement 
sleep without atonia seen in neonates, 
possibly suggesting the abolition of 
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the tonic motor inhibition due to the 
immaturity of the locus ceruleus, may 
be partially correlated with the differ- 
ent response of the BR in the sleep 
cycle in neonates. 

Results of tħe present study suggest 
that BRs while awake are useful not 
only to assess brain-stem function in 
neonates with neurologic problems 
but also to predict subsequent out- 
come. It has been reported that neona- 
tal hypoxic ischemic encephalopathy 
following asphyxia involves not only 
the cerebrum but also the brain 
stem'*'’ and may be associated with 
brain edema that interferes with syn- 
aptic transmission. Recently, several 
reports indicated that the loss of facil- 
itatory influences due to cerebral 
lesions'*'* were responsible for the 
abnormal late components of BRs. 
Therefore, the abnormality of BRs in 
our patients with hypoxic ischemic 
encephalopathy could be explained by 
either permanent brain-stem or cere- 
bral neural necrosis or brain edema. 
Serial BR examinations appear to be 
important and useful to investigate 
the possibility of permanent dysfunc- 
tion and to estimate the recovery time 
from hypoxic encephalopathy. Persis- 
tent BR abnormalities might be 
attributed to permanent neural dam- 
age, and the early improvement of BR 
abnormalities might be associated 
with recovery from transient brain 
dysfunction. We found the results of 
serial BRs after birth to be closely 
related to the subsequent outcome. 
Two neonates with persistent sup- 
pressed responses died, and three neo- 
nates with persistent suppressed 
responses or delayed improvement of 
initially prolonged latency developed 
cerebral palsy, while neonates with 
normal initial BRs or early improve- 
ment of BRs had almost normal devel- 
opment. 

The influence of hemispheric 
lesions on BRs has been investigated 
by several authors, but conflicting 
data have been reported.'*” In the 
present study, although the cases 
investigated were few, no relationship 
was seen between the type of BR 
abnormality and the CT findings. It 
was interesting that one neonate with 
diffuse low-density white matter, 
with initially prolonged R2 latency, 
developed normal levels at age 2 
months, while BR abnormalities per- 
sisted in three neonates with brain 
atrophy and one neonate with diffuse 
low-density white matter. The nor- 
malization of BRs in the former case 
may be due to the recovery of cortical 
mechanisms controlling brain-stem 
functions, rather than an anatomic 


change of the BR pathway in the brain 
stem. 

The interpretation of the neuro- 
physiologic significance of abnormal 
BRs still remains uncertain. Further 
follow-up studies combined with other 
electrophysiologic examinations are 
needed to establish she practical use 
and predictive value of BRs in various 
neurologic conditions in neonates. 
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efficient manner with the S-1 dissecting 
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nave been possible with other types of 
instrumentation.” — T.B., M.D. 
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NEUROLOGY --ASSISTANT PROFESSOR. 
Hennepin County Medical Center and 
the University of Minnesota Medi- 
cal School seek an adult neurolo- 
gist at the Assist Prof level to 
become director of HCMC's neuro- 
logy ambulatory care program and 
to develop its electromyography 
program. The applicant should be 
BC/BE with a strong interest in 
teaching and EMG. The clinic 
program includes daily general 
neurology clinics and a variety of 
special clinics. Salary and bene- 
fits are consistent with other 
academic institutions. Interested 
applicants should send a CV, bib, 
and the names of three references 
by 15 March 1989 to: MG Ettinger, 
M.D., Chief of Neuro , HCMC, 701 
Park Ave S, Mpls, MN 55415. The 
Univ of MN and HCMC are equal 
opportunity educators and employ- 
ers and specifically invite and 
encourage applications from women 
and minorities. 


Psychogenic Respiratory Distress 


Francis O. Walker, MD; Anthony G. Alessi, MD; Kathleen B. Digre, MD; William T. McLean, MD 


@ Five patients developed recurrent 
episodes of psychogenic respiratory diffi- 
culty that were superimposed on psycho- 
genic neurologic symptoms. Misdiagnosis 
resulted in long hospital stays, code blue 
alerts, intubation, mechanical ventilation, 
and, in one case, tracheostomy. Patients 
“learned”? psychogenic respiratory dis- 
tress because their breathing symptoms 
evoked distinct evidence of anxiety in 
physicians and staff. In these patients, 
gain was not incidental but exerted prima- 
ry control over symptom selection. The 
behavioral mechanisms involved in the 
pathogenesis of psychogenic respiratory 
distress have significant implications for 
its diagnosis, treatment, and prevention. 

(Arch Neurol 1989;46: 196-200) 


P sychogenic syndromes that resem- 

ble a serious or life-threatening 
disorder can be difficult to diagnose in 
acute situations. The classification of 
these disorders by their presenting 
symptom, as in the case of pseudosei- 
zures or globus hystericus, helps with 
recognition and proper management. 
We recently cared for five patients 
with signs and symptoms that simu- 
lated a severe neurologic disorder 
complicated by acute respiratory dis- 
tress. Major problems were encoun- 
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tererd in managing these patients 
until their conditions were diagnosed 
correctly. The evolution and resolu- 
tion of breathing symptoms in these 
individuals occurred in the hospital, 
providing us with an opportunity to 
observe the life cycle of this remark- 
able psychogenic syndrome. These 
cases not only establish the clinical 
significance of psychogenic respirato- 
ry distress but also illustrate a unique 
pattern of physician and patient 
interaction involved in its pathogene- 
sis. 


REPORT OF CASES 


CASE 1.—A 32-year-old man was ad- 
mitted with acute paraparesis. He cooper- 
ated poorly with strength testing, but 
results of a sensory examination were nor- 
mal. Muscle stretch reflexes and plantar 
responses were normal and remained so 
throughout subsequent admissions. Diag- 
noses of atypical Guillain-Barré syndrome 
and transverse myelitis were considered, 
and he was observed for evidence of pro- 
gression (see the Table for tests and 
results). Breakaway arm weakness. then 
developed with a patchy sensory loss below 
C-4. On further testing, subtle breathing 
problems were noted. Vital capacity was 
then measured at the bedside, and within 
12 hours, it dropped from 3.5 to 1 L. 
Examination revealed no distress; he 
showed no positional references, spoke 
only in a low whisper, and maintained 
minimal eye contact with his examiners. 
When asked to breathe deeply, he made 
ineffective gasping motions. He nodded 
affirmatively when asked if he was short 
of breath. Although an arterial blood gas 
(ABG) value was normal, he was trans- 
ferred to an intensive care unit for moni- 
toring. When his vital eapacity fell to 0.5 L, 
he was intubated and mechanically venti- 
lated. After treatment with corticotropin, 
his condition improved, and he was extu- 
bated within three days. He recovered 
completely within two weeks. 

Four months later, quadriparesis and 


respiratory distress abruptly recurred. At 
admission, he was immediately intubated 
and placed on a ventilator in the intensive 
care unit. After four days of corticotropin 
therapy, his condition improved, and he 
was extubated. Breakaway weakness and 
hysterical tunneling of visual fields devel- 
oped, but after two weeks he nad recovered 
fully. He was discharged but returned ten 
hours later, quadriplegic end receiving 
external ventilation with an Ambu bag. At 
admission, spontaneous breathing was 
punctuated by dramaticgasping, straining, 
and rolling of his eyes, head, and trunk. He 
did not speak but emitted gagging and 
choking sounds. All four extremities 
showed breakaway weakness. Although he 
repeatedly indicated he was short of 
breath, his ABG values were normal. He 
again did not exhibit air hunger or anxiety, 
and a provisional diagnosis of psychogenic 
respiratory distress was mace. 

The nursing staff and house officers 
were instructed to observe the patient dis- 
creetly and to recheck an ABG value if 
evidence of breathing dysfunction re- 
curred. Under this program, his choking 
and gagging subsided, and more orderly 
breathing returned. By the next morning, 
he spoke normally and had no further 
respiratory symptoms. His quadriparesis 
rapidly improved. When psychiatric con- 
sultation was suggested, the patient and 
his family signed out and never returned. 

His final discharge diagnosis was that of 
a conversion disorder. He had minimal 
insight into his symptoms, and they 
seemed to benefit him in terms of atten- 
tion and hospitalization. Although it is 
conceivable that he had a mild substrate of 
occult neurologic disease, it eould account 
for neither the nature nor the severity of 
his symptoms. 

CASE 2.—A 31-year-old woman presented 
to her local hospital with episodes of neck 
rigidity and difficulty in swallowing. Their 
resemblance to tetanus prompted treat- 
ment with penicillin G potassium and teta- 
nus toxoid. Two days after admission, her 
attacks of rigidity generalized, and because 
of the threat of suffocation, she was intu- 
bated. Therapy with diazepam and pancu- 
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ABG Values 
During Psychogenic 
Resoiratory Distress 
Poz = 80 mm Hg, 

Pco2 = 35 mm Hg, 
and pH = 7.42 


Laboratory 
Tests 


CT scan,+¢ 
panmyelogram, CSF 
except for CSF protein 
(0.64 g/L [up to 0.45 
g/L]), VER, SSER, 
BAER, EMG, NCV, 
EEG, blink reflex, 
thyroid function tests, 
ANA, ESR, vitamin 
Bi2, electrolytes, and 
cerebral angiography, 
all normal 

EEG, silent periods by 
EMG, CXR, ECG, 
CBC, ESR, and 
electrolytes, all normal 


Type of 
Breathing Pattern 


Asthenic (episode 1), 
asthenic-theatrical (episode 
2), and theatrical (episode 
3); symptoms improved 
when treatment withheld 


Atypical Clinical 
Features 


Abrupt recurrent 
symptoms, normal 
reflexes, t breakaway 
weakness, hysterical 
tunneling of visual fields, 
and shifting symptoms 


Case Differential Diagnosis 


Guillain-Barrésyndrome 
vs transverse myelizis 


Poo = 80 mm Hg, 
Pecos = 40 mm Hg, 
and pH = 7.33 


Valsalva-related apnea; 
symptoms improved when 
treatment withheld 


Abrupt recurrent 
symptoms, absence of 
stimulus sensitivity, 
normal interictal 
examination results, 
normal recall during 
attacks, absent skin 
wounds, and previous 
tetanus immunizations 


Abrupt recurrent 
symptoms, absence of 
objective findings, 
psychogenic 
blindness / sensory loss, 
able to move arms, 
shout when in 
“paralytic” crisis, and 
breakaway weakness 


Normal reflexes, absence 
of atrophy, fantastic 
storytelling, shifting 
symptoms, and rampant 
fabrications 

Shifting symptoms, 
absence of objective 
findings, psychogenic 
pain, shouted when 
voice was ‘‘paralyzed,”’ 
refusal to release 
records, and breakaway 
weakness ` 


Tetanus vs epilepsy 


Electrolytes, magnesium, 
calcium, ESR, ANA, 
and vitamin B42, all 
normal; acetylcholine 
receptor antibodies, 
negative 


Theatrical; symptoms improved 
when treatment withheld 


Myasthenia gravis 


CT scan (head),+ ECG, 
CXR, electrolytes, 
CBC, CSF, and 
ceruloplasmin, overall 
normal 


BAER, flash evoked 
VER, EMG, NOV, blink 
reflexes, edrophonium 
chloride (Tensilon) 
tonography, repetitive 
stimulation testing with 
regional curare, CSF,+ 
and head CT scan,+ 


Asthenic-theatrical (episode 1), 
theatrical (episode 2); 
symptoms improved when 
treatment withheld 


Gerebral palsy, 
superimposec 
transverse myelitis 


Poo = 83 mm Hg, 
Peds = 39 mm Hg, 
and pH = 7.40 


Theatrical; symptoms improved 
when monitoring and testing 
were discontinued 


Myasthenia gravis vs 
multiple sclerosis 





all normal 


“MBG indicates arterial blood gas; CT, computed tomographic; CSF, cerebrospinal fluid; VER, visual evoked response; SSER, somatosensory evoked response; 
EAER, brain-stem evoked response EMG, electromyogram; NCV, nerve conduction velocities; EEG, electroencephalogram; ANA, antinuclear antibody; ESR, erythrocyte 
sedimentation rate; CXR, chest x-ray film; ECG, electrocardiogram; CBC, complete blood cell count; and ND, ABG determinations were not drawn during episode of 


psychegenic respiratory distress. 
tMuscle stretch reflexes. 


+&sfore availability of magnetic resonance imaging and oligoclonal bands. 


roniam bromide was started, and she even- 
malty required a tracheostomy. After one 
month in the hospital, she recovered com- 
pletely. 

Two weeks later, her rigid spells 
recurred, but on this occasicn, her symp- 
toms respormded to two days of mechanical 
ventilation and diazepam. When her spells 
recurred a third time, one month later, she 
was referred. 

A«\mitting physical examination results 
were normal, except for 20- to 30-minute 
rigic spells that occurred several times 
eack day, but never during sleep or in 
esseriation with external stimuli. During 
her attacks. her body stiffened with inter- 
mittent arching of the bacx, forced eye 
closmre, and jaw clenching. Tongue biting, 
jerkmg, and incontinence were absent. She 
was neither anxious nor frightened and 
was alert with full recall during attacks. 
Brief periocs of breath holding did occur, 
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lasting no longer than 20 s; this was never 
associated with cyanosis. Between attacks, 
she was withdrawn and passive but was 
able to eat and converse without difficulty. 
The family witnessed her attacks and indi- 
cated that they were identical to those 
noted on previous hospitalizations. Infec- 
tious disease consultation found no evi- 
dence of previous or current tetanus. Psy- 
chiatric consultation revealed extensive 
marital and family problems and a profile 
consistent with a conversion disorder. 
Her attacks were judged to be psycho- 
genic in origin and were not medically 
treated; the nursing staff was instructed to 
observe discreetly but not to intervene 
when the attacks recurred. When this poli- 
cy was adopted, the frequency and severity 
of attacks rapidly subsided. At discharge, 
they had stopped completely, and they 
have not since recurred. She was dis- 
charged with a diagnosis of conversion 
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disorder manifesting as hysterical teta- 
nus,' but with features similar to those 
seen in psychogenic seizures. 

Case 3.—In 1972, a 24-year-old nurse 
presented with complaints of fatigue that 
worsened in the evening. She underwent a 
thymectomy to treat presumed myasthe- 
nia gravis and recovered completely. Eight 
years later, she developed weakness and 
respiratory distress. She was intubated, 
mechanically ventilated. and treated with 
high-dose prednisone and plasmapheresis; 
her condition improved rapidly. She had 
several subsequent relapses; each came on 
abruptly, required several days of ventila- 
tory support, and was followed by complete 
recovery. Her relapses were not provoked 
by identifiable faetors, such as infection or 
medications, nor were they associated with 
objective abnormalities. 

In 1984, she presented with a character- 
istic episode of respiretory compromise. 
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Physical examination revealed a frail 
woman in no acute distress. Although she 
would not move her arms on command, she 
promptly pulled up a sheet to cover herself 
when her chest was exposed for electrocar- 
diographic lead placement. She had theat- 
rical gagging, replete with guttural imita- 
tions of choking and gasping, but she never 
became cyanotic or drooled. She would 
neither swallow, speak, nor take a deep 
breath on request. 

At admission, a code blue alert was 
inadvertently called. The code team 
attempted endotracheal intubation but 
stopped when she shouted out a demand 
for a nasotracheal approach. At this point, 
the consulting neurologists intervened; 
after a heated debate, the code team with- 
drew, protesting loudly. They were called 
several more times, but invasive therapy 
was avoided. When hospital personnel 
realized the psychogenic nature of her dis- 
order, the calls stopped. Her symptoms 
were calmly observed, but not medically 
treated, and within two days, all breathing 
difficulties resolved. 

Previous records revealed episodes of 
hysterical blindness and psychogenic sen- 
sory loss. At no time were objective physi- 
cal findings of myasthenia gravis seen. The 
patient’s condition improved completely, 
but she refused psychiatric consultation 
and follow-up. Her discharge diagnosis 
was that of a conversion disorder, but in 
view of her medical sophistication and the 
manipulative use of symptoms, a consider- 
ation of partial malingering’? was enter- 
tained. Although it cannot be proved, we 
suspect that her initial symptoms of myas- 
thenia in 1972 were psychogenic. 

CASE 4.—A 38-year-old woman was 
admitted for evaluation of an acute truncal 
tremor. For the last eight years, she had 
been followed up by an orthopedic surgeon 
for painful spasms from cerebral palsy. 
When a truncal tremor developed, this 
surgeon referred her for neurologic evalua- 
tion. She was treated as an outpatient for 
one year, but her symptoms proved to be 
refractory to propranolol hydrochloride, 
haloperidol, clonazepam, clonidine hydro- 
chloride, diazepam, phenytoin sodium, and 
primidone. Weekly calls and detailed let- 
ters from a nurse caretaker kept us 
informed of the patient’s progress and 
complications from medication. By report, 
she had been locked in the basement and 
abused by her mother for the first ten 
years of life. She was then placed in a 
group home and had educated herself 
enough to attend college when painful 
spasms and tremor began to disrupt her 
course work. A legal battle over parental 
custody ensued, along with other bizarre 
events. 

Examination at admission revealed an 
obese, wheelchair-bound woman with 
dysarthric speech. She had continuous to- 
and-fro rocking movements of her arms, 
head, and trunk. Voluntary leg movements 
consisted of only coarse proximal twitches. 
Muscle stretch reflexes were normal with 
flexor plantar responses; the tone, muscle 
bulk, and shape of her extremities were 
normal for her age and degree of obesity. 
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She reported sensory loss below T-10. She 
had an extensive array of braces, an 
extra-large wheelchair, and a host of reha- 
bilitative devices. 

If the results of her scheduled workup 
were normal, she agreed to a thalamotomy 
for control of her tremors. However, on the 
day before a myelogram was to be done, 
she had an abrupt onset of an ascending 
paralysis that affected her arms and an 
accompanying sensory loss. Shortly after- 
ward, she developed episodes of weak shal- 
low breathing, occasional gagging, and dif- 
ficulty in swallowing. This was followed by 
a bout of choking that was followed by 
what appeared to be an inability to 
breathe. She was immediately intubated, 
and after several days, she was weaned 
from the ventilator. Recurrent periods of 
apnea followed, interspersed with gagging, 
stridor, and shallow breathing. A pro- 
longed apneic episode again prompted 
intubation and mechanical ventilation for 
several days. After weaning, she still had 
intermittent trouble with swallowing and 
episodes of theatrical gagging, but she 
never drooled or aspirated. Her ability to 
talk fluctuated independent of her breath- 
ing symptoms. Psychogenic elaboration 
was suspected, and with appropriate 
behavioral techniques, her speech and 
breathing returned to normal. 

At discharge, she was modestly im- 
proved over her baseline condition, but her 
reportedly congenital paraplegia persisted. 
However, much to the surprise of the nurse 
who took her out to the Red Cross van that 
came to pick her up, she got up out of her 
wheelchair, walked in, and sat down. Sub- 
sequent investigations revealed extensive 
fabrications on the part of the patient. The 
parental abuse, group home, and custody 
battle were all fictitious. The nurse who 
was the informant for the patient turned 
out to be a fabrication as well. Although it 
could not be proved, the telephone calls and 
letters to the medical center were probably 
made by the patient herself. Information 
from a former acquaintance of the patient 
revealed that she was always physically 
normal and worked a full-time secretarial 
job until the age of 35 years, when she quit 
for unknown reasons. She did not return 
for follow-up, but two years after dis- 
charge, she did send a postcard from a 
special camp for handieapped persons that 
she was attending as a patient. 

Although extensive peregrinations were 
not found, the imaginative storytelling and 
malingering in this case are typical of 
Munchausen’s syndrome.* All of her 
symptoms were fabricated, and no objec- 
tive evidence of underlying neurologic dis- 
ease was found. Her invention of a ficti- 
tious source of information hindered a 
correct diagnosis, and, as such, this may 
represent an unusual form of Munchaus- 
en’s syndrome-by-proxy.’ 

CasE 5.—A 30-year-old woman was 
admitted for evaluation of a five-year his- 
tory of intermittent problems with paraly- 
sis, urinary retention, and flank pain. At 
admission, she was using crutches to walk. 
Although her condition had been stable for 
six months, on the day after admission she 


developed quadriparesis, neck weakness, 
trouble in swallowing, and an inability to 
get out of bed. Breakaway weakness was 
present in all extremities with weakness of 
neck flexion, but her lack of cooperation 
complicated interpretation of these find- 
ings. 

It was thought that she might have 
multiple sclerosis or atypical myasthenia 
gravis, and because of her progression, 
breathing and swallowing were closely 
monitored. Although, initially, she denied 
difficulties, she subsequently developed 
problems with gagging and choking. Dys- 
pnea came next, associated with periods of 
apnea, and theatrical gesticulations. She 
became mute. An internist was called to 
consider elective intubation. The variable 
and atypical nature of her symptoms, the 
presence of normal ABG values, and the 
absence of identifiable objective findings 
led to the internist’s suggestion of conser- 
vative management with observation and 
serial ABG determinations. These values 
remained normal overnight. 

When it became apparent that the gag- 
ging and choking spells were not life 
threatening, intensive monitoring by the 
ward nurses slackened, and the spells sub- 
sided in frequency and severity. She 
regained a limited ability to whisper, but 
she was able to yell loudly at a nurse when 
several venipunctures were required to 
obtain blood. After several days, all of her 
pharyngeal symptoms resolved, but then 
back pain developed that was relieved only 
by meperidine hydrochloride. Treatment 
was limited to physical therapy, and she 
regained the ability to walk. She refused 
psychiatric consultation and the release of 
her outside records; she failed to appear 
for her follow-up visits. Her manipulative 
personality, educational level (she had a 
doctoral degree), and secrecy led us to 
suspect some degree of malingering. Her 
final diagnosis was that of a conversion 
disorder with partial malingering. 


COMMENT 


Psychogenic respiratory distress 
was originally described in the pre- 
mechanical ventilator era.© At that 
time, its significance was mainly lim- 
ited to the anxiety that it provoked in 
family members and physicians. Cur- 
rently, however, psychogenic respira- 
tory distress can lead to invasive and 
potentially dangerous management.‘ 
Prompt recognition of this syndrome 
is necessary to prevent prolonged and 
potentially harmful patient hospital- 
izations. 

The types of breathing abnormali- 
ties present in our patients are of 
interest because of their resemblance 
to other types of psychogenic syn- 
dromes. Three patterns were appar- 
ent. The first type was typified in case 
2, in which breath holding associated 
with Valsalva’s maneuver was overin- 
terpreted as apnea. Most commonly, 
this is seen in patients with pseudo- 
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seizures whe, in the process of mim- 
ickmg seizu~es, often mimic apnea as 
well It is not uncommon for such 
patients te ve transferred to tertiary 
care center for ventilator manage- 
ment. The -econd type of breathing 
diserder, seen in cases 1 and 4 (and in 
a case reperzed by Janet’), is asthenic 
breathing. This is a passive breathing 
problem in which breathing becomes 
inordinately shallow. Patients seem to 
be helpless and capable of moving 
only the slightest volume of air; fre- 
quently, they are mute and cannot 
breathe deeply on request. Despite 
what appears to be a serious problem, 
they are free of air hunger or anxiety 
and avoid ewe contact with examiners. 
The third form of psychogenic breath- 
ing disorde™, seen in cases 1 and 3 
through 5, is referred to as theatrical 
gagging. In his form, the patients are 
more demonstrative, with expressive 
eyes, guttural noises, and often rolling 
of ne trunk or head simulating near- 
apnea. Strilor, gagging, or choking 
may occur in rapid succession, fol- 
lowed by brief apnea or shallow 
breathing Cyanosis, drooling, or pro- 
longed apnea is not seen. Like patients 
with astasi=abasia, they totter on the 
brink of disaster but never come to 
serious harm; their respiratory gym- 
nastics thet superficially resemble 
impaired breathing actually require 
skilled ventilatory control. Such 
ancties stam in sharp contrast to 
patents with true impending respira- 
tory failure who minimize unneces- 
sary energy-consuming activity, who 
tend to assume upright positions to 
maximize sir exchange, and who 
either appeer to be lethargic from the 
metabolic censequences of ventilatory 
insufficiency or who are alert and 
intensely concerned. 

In additien to patterns of symp- 
toms, the fellowing general features 
of eur cases are common to other 
types of psrchogenic disorders”: sug- 
gestibility, emale predominance, the 
presenee of gain, and the absence of 
sel’-insight. Since the patients and 
symptom p.tterns in this series did 
not differ fom patients with other 
types of psrchogenic disorders, it is 
reasonable =o ask why our patients 
developed psychogenic respiratory 
distress insead of a more common 
pswehogenic syndrome. Before the 
developmen. of respiratory symp- 
toras, the Onditions of all of these 
patients we e misdiagnosed as a seri- 
ous neurologic disease associated with 
respiratory distress. This association 
is eritical. 

Case 1 c2monstrates the role of 
physician anticipation in the patho- 
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genesis of psychogenic respiratory 
distress. This patient presented with a 
relatively nonspecific form of psycho- 
genic paraparesis. His physicians, 
concerned about the possibility of an 
ascending disorder, such as Guillain- 
Barré syndrome, began testing and 
questioning him for arm weakness. 
Psychogenic arm weakness then 
developed, and the patient was then 
questioned and tested repeatedly for 
breathing difficulties. When psycho- 
genic breathing difficulties occurred, 
they were remarkably nonspecific (as- 
thenic form), consisting of absent 
speech production, the absence of deep 
breathing on request, and low mea- 
sured vital capacities that, in retro- 
spect, were effort related. The more 
times his vital capacity was checked, 
the lower the obtained values became, 
and the frequency of checks increased. 
The decision to intubate was made 
automatically when his measured 
vital capacity fell below predeter- 
mined values. At his second admis- 
sion, his symptoms of weakness and 
respiratory distress occurred simulta- 
neously, without the progressive 
phase noted at his first admission, 
and his respiratory symptoms were 
somewhat more graphic. At his third 
admission, his respiratory symptoms 
dominated his clinical picture, with 
gestures of choking and gasping (the- 
atrical gagging), and his weakness 
was less severe. Before acquisition, 
each new symptom in this patient had 
been suggested to him. Once respira- 
tory symptoms developed, they were 
gradually shaped throughout re- 
peated admissions to resemble not 
just passive respiratory insufficiency, 
but rather frank respiratory distress. 
When his symptoms no longer pro- 
voked medical concern or attention, 
they promptly resolved. The pattern 
in this case of symptom suggestion, 
acquisition, modification, and, ulti- 
mately, extinction is compatible with 
operant conditioning. 

Operant learning or conditioning 
involves the gradual modification of 
behavior by reward. When patient 1 is 
viewed in the context of this model, 
his behavior can be seen to be directly 
responsive to anxiety or emergency 
reactions on the part of his physicians 
and nurses. Behavior that failed to 
elicit attention or increasing levels of 
anxiety, such as static symptoms, dis- 
appeared. Behavior that did provoke 
anxiety, in this case, progressive 
symptoms, evolved. The specific types 
of progressive symptoms that devel- 
oped, ascending paralysis and then 
respiratory distress, were unwittingly 
suggested to the patient by bedside 
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testing. Once the patient developed 
respiratory distress and experienced 
the emergent reactions that it evoked, 
it came to dominate his clinical pic- 
ture. If substernal chest pain had been 
suggested to him, it seems likely that 
it could have also become a major 
psychogenic symptom. 

The other cases demonstrate a sim- 
ilar process of symptom acquisition 
and modification. In patient 5, trouble 
with swallowing was initially a minor 
complaint but, with attention, the 
symptom worsened, provoking more 
frequent observation. This led to a 
generalization of symptoms that 
included choking and trouble with 
breathing, which then dominated her 
clinical picture. If net for the inter- 
vention of an astute medical consul- 
tant, she would have been electively 
intubated for safety precautions. 
Patient 4 had a marked change in 
symptoms after hospitalization. 
When threatened with a battery of 
invasive tests and surgery, she sud- 
denly developed an ascending paraly- 
sis, mild breathing symptoms, and 
then abrupt breath holding that 
prompted intubation. Subsequently, 
she developed theatrical respiratory 
distress that dominated her clinical 
picture, a marked change from the 
primary truncal tremor for which she 
was admitted. In patient 3, we do not 
have detailed notes on the acquisition 
of the initial breathing symptoms. 
However, her admitting complaint 
was one of generalized fatigue and 
diffuse weakness that, throughout 
several subsequent hospitalizations, 
evolved to a picture of intermittent 
abrupt quadriplegia and theatrical 
respiratory distress. We believe that a 
process of symptom suggestion, acqui- 
sition, and modification similar to 
that seen in our other cases trans- 
pired. Case 2 represents a variation on 
this pattern, in which breath holding 
related to Valsalva’s maneuver was 
overinterpreted as apnea. 

An operant conditioning model fits 
in well with four recognized features 
of psychogenic disorders: suggestibili- 
ty, gain, lack of insight, and symptom 
substitution. Suggestibility, whether 
it represents a learned or an inherent 
characteristic that predisposes pa- 
tients to develop psychogenic symp- 
toms, describes a readiness to acquire 
new behaviors. Since a new behavior 
must be expressed before it can be 
rewarded, this tendency is not only 
compatible with but facilitates oper- 
ant conditioning. Some element of 
gain is invariably icentified in psy- 
chogenic disorders. To say that 
patients are rewarded in some way for 


199 


ryt Siu kA 


their psychogenic behavior restates 
this observation in terms of learning 
theory and avoids the connotations of 
intent and insight implied by the word 
gain. The lack of insight in many 
patients with psychogenic disorders 
has been difficult to explain. Sigmund 
Freud hypothesized a complex series 
of subconscious processes to account 
for it. However, operant theory deals 
with it directly because operant learn- 
ing is known to occur independently of 
the presence of insight.’ Case 1, a 
conversion disorder in which insight 
is absent, and case 4, malingering, in 
which insight is present, demonstrate 
this point. The acquisition, recur- 
rence, and extinction of symptoms of 
psychogenic respiratory distress were 
remarkably similar in these two 
patients, despite marked differences 
in their degree of insight. Symptom 
substitution, again a phenomenon 
that Freud invoked rather complex 
symbolic machinations to explain, is 
readily explained in terms of learning 
theory. Simply put, those behaviors 
that obtain reward are those that are 
expressed; psychogenic deficits that 
fail to get rewarded are discarded and 
replaced with others that are. 

The value of an operant condition- 
ing model is that it renders the behav- 
ioral aspects of psychogenic disorders 
into measurable and observable phe- 
nomena and separates out the role of 
insight from the process of learning. 
In addition, it identifies reward as a 
determining factor in the evolution 
and maintenance of a psychogenic 
symptom and, as such, establishes a 
therapeutic approach to the problem 
by using reward to change maladap- 
tive behavior. Finally, it generates a 
testable hypothesis. Although not 
attempted in our patients, intentional 
symptom suggestion represents a 
potentially useful bedside test for 
patients with suspected psychogenic 
disease. 

The operant conditioning model 
that we propose differs from freudian 
theory in one critical aspect. Freud 
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believed that the evolution of the hys- 
terical symptom was the primary psy- 
chopathologic event and that gain was 
secondary. In our patients, we found 
the reverse. Their primary psycho- 
pathologic event manifested as an 


overresponsiveness to a particular. 


type of gain or reward, and symptom 
selection was secondary. Of all the 
psychogenic symptoms expressed in 
our patients, including psychogenic 
paralysis, pain, tremor, spells, mut- 
ism, paralysis, blindness, etc, psycho- 
genic respiratory distress became 
dominant because it was invariably 
rewarded with prompt medical atten- 
tion. 

It should be emphasized that the 
anticipation of symptoms and signs 
by physicians is a sophisticated ap- 
proach to diagnosis and patient care. 
However, in our cases, expectations’ 
were unwittingly telegraphed to the 
patients and became self-fulfilling 
prophecies. This process tended to 
confirm preconceived opinions, mak- 
ing a correct diagnosis difficult. 

The evaluation of psychogenic 
respiratory distress usually takes 
place under emergent conditions. 
Proper assessment requires aware- 
ness of this disorder, clinical judg- 
ment, and the exclusion of other possi- 
ble organic syndromes.’ Laboratory 
tests are frequently helpful, but their 
findings must be interpreted with 
caution. Normal ABG values and mea- 
sured vital capacities cannot exclude 
impending or sleep-related ventilato- 
ry failure in disorders, such as Guil- 
lain-Barré syndrome or polio.” Fur- 
thermore, abnormal results of studies 
can result from breath holding," poor 
cooperation, or chronic stable pulmo- 
nary disease. 

Once psychogenie respiratory dis- 
tress is suspected, prudent bedside 
and laboratory evaluation should be 
revealing. Serial ABG determinations 
can ensure ventilatory stability while 
the evaluation is in progress. Provoca- 
tive maneuvers to induce respiratory 
activity, such as the use of smelling 


References 


5. Janet P: The Major Symptoms of Hysteria, 
ed 2. New York, Macmillan Publishing Co Inc, 
1920, pp 138-182, 245-270. 

6. Kihlstrom JF: The eognitive unconscious. 
Science 1987:237:1445-1452. 

7. Jones EE: Interpreting intrapersonal be- 
havior: Effects of expectations. Science 1986; 
234:41-46. 

8. Plum F, Leigh RJ: Abnormalities of central 
mechanisms, in Lefant C (ed): Lung Biology in 
Health and Disease. New York, Marcel Dekker 
Ine, 1981, vol 17, pp 1001-1002. 


salts, rebreathing into a paper bag, or 
the insertion of a nasotracheal cannu- 
la to induce coughing or sneezing, can 
help to establish intact reflex furction 
and normal efferent pathways of neu- 
ral breathing control. Patients with 
psychogenic disorders are often sug- 
gestible, and the suggestion that their 
conditions will improve, coupled with 
calm unobtrusive monitoring, should 
lead to an improvement in symptoms 
and confirm the diagnosis of psycho- 
genic respiratory distress. 

It is conceivable that patients with 
serious underlying pulmonary or neu- 
rologic disease who developed psycho- 
genic respiratory distress could prove 
to have conditions that are difficult to 
diagnose. In cases, such as this. if a 
diagnosis cannot be made with cer- 
tainty, intubation is appropriate. 
However, the correct diagnosis must 
then be pursued until it is conclusively 
established. In addition, prejudicial 
care must be avoided. Patients with 
psychogenic or suspected psychogenic 
syndromes often evoke strong emo- 
tions in physicians and other medical 
personnel. The potentially fatal result 
of an incorrect diagnosis justifies a 
liberal use of consultants. 

Psychogenic respiratory distress is 
significant both because of the clmical 
problems that it can create and 
because its pathogenesis can be 
defined. This report describes an 
effective approach to the diagnosis 
and treatment of this remarkable syn- 
drome. In addition, it presents a new 
model of pathogenesis based on oper- 
ant-learning theory. Because psycho- 
genic respiratory distress closely 
resembles and may accompany ether 
psychogenic disorders, this model 
may be applicable to other psychogen- 
ic syndromes and have significant 
implications for their diagnosis and 
treatment. 
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ORTHOPAEDIC SURGEONS—dissection in 
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replacement, revision surgery, methylmetha- 
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cluding broken stem extraction. 
NEURCSURGEONS—dissection skills for 
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plicable to neurosurgery. 
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posium.” Mail to: Midas Rex Institute, 2929 Race 
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800-433-7639 or 817-831-2604. 
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. “Modern Dissection Techniques of Bone, 
Biometals, 8ioceramics, and Bioplastics” 
(NEURO 700)* 
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surgeons may attend this conference) 
Course Directors: 

John M. few, Jr., M.D. 

Susan Mitcheil, Ed.D. 
-ee Sobania, Ph.D. 


WC AKSHOPS: The Midas Rex Hands-On Workshops will be 


ħe each caw from 7°30 am to 1:30 pm. The workshop will em- 
phasize a series of hands-on exercises, utilizing appropriate 
animal bones, sketetal bones, bioplastics and biometals for 
dissection nthe cranium and spine. Methylmethacrylate and 
biemetals, as they are related to neurosurgery will also be 
comsiderec. Guest lecturers will present clinical aspects of 
spimal and cranial procedures and video tapes of clinical pro- 

cedures will be available. 
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Spanish Toxic Oil Syndrome Neuropathy in Three Patients 
With Hereditary Motor and Sensory Neuropathy Type I 


Carmen de Pablos, MD; Jesús Calleja, MD; Onofre Combarros, MD; José Berciano, MD 


@ We describe three patients with 
hereditary motor and sensory neuropathy 
type | coming from a family who suffered 
from Spanish toxic oil syndrome with neu- 
romuscular manifestations. Their clinical 
course neither differed from other kin 
only affected with the inherited neuropa- 
thy nor from other patients with Spanish 
toxic oil syndrome studied by us. These 
findings suggest that patients with hered- 
itary motor and sensory neuropathy do 
not exhibit a special susceptibility to vas- 
culitic neuropathy associated with 
Spanish toxic oil syndrome. 

(Arch Neurol 1989;46:202-204) 


he Spanish toxic oil (STO) syn- 

drome is a new entity that 
appeared in Spain in 1981 due to 
ingestion of adulterated rapeseed oil.’ 
It is a multisystemic disease, neuro- 
logic manifestations being the most 
serious and the primary cause of pro- 
longed hospitalization, morbidity, and 
death.'* The majority of patients with 
neurologic manifestations developed a 
neuromuscular syndrome consisting 
of both inflammatory myopathy and 
neuropathy.**> In the early phase, the 
neuromuscular syndrome was charac- 
terized by myalgia, and an inflamma- 
tory infiltration of perimysium, intra- 
muscular nerves, and perineurium. 
Later, the patients developed second- 
ary axonal degeneration with predom- 
inantly distal neurogenic muscular 
atrophy.” 

Hereditary motor and sensory neu- 
ropathy (HMSN) type I is a form of 
Charcot-Marie-Tooth syndrome char- 
acterized by autosomal dominant 
inheritance, severely reduced nerve 
conduction velocity, and axonal loss 
with evidence of demyelination and 
hypertrophic changes in nerve biopsy 
specimens.‘ 

We describe a family with HMSN 
type I in which three affected subjects 
also suffered from the STO syn- 
drome. 


Accepted for publication June 20, 1988. 
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PATIENTS AND METHODS 
Patients 


Since 1981, 61 patients with STO syn- 
drome have been studied in our hospital. 
Thirty-eight (62%) had objective clinical 
and electrophysiologic evidence of poly- 
neuropathy. Electromyography revealed a 
myopathie pattern in 35 cases (57% ). Seri- 
al clinica! and electrophysiologic studies 
were routinely performed following the 
instructions of the STO syndrome pro- 
gram. 

Three of these patients with STO syn- 
drome polyneuropathy belonged to a fami- 
ly (Figure) affected with HMSN type I. The 
inherited neuropathy in all three remained 
initially unrecognized. It is interesting to 
note that the proband (case III-10) had 
been evaluated in 1979 in the department 
of orthopedics at our hospital. Neurologic 
and electrophysiologic examinations and 
sural nerve biopsy revealed hypertrophic 
neuropathy, but detailed genealogic inves- 
tigation was not done. The surprising elec- 
trophysiologic findings in cases [V-9, IV- 
10, and V-5 in comparison with other STO 
syndrome patients led us to examine the 
remainder of the family. Specifically asked 
about were the presence of clumsiness in 
walking and running, frequent tripping, 
high arches, and hammer toes with shoes 
not fitting, painful corns or calluses, and 
difficulty in digital manipulation. 


Electrophysiologic Techniques 


Nerve conduction studies and electromy- 
ography were performed according to the 
method described in earlier studies.” 


RESULTS 
Clinical Features in Patients With HMSN 


The pedigree (Figure) is consistent 
with autesomal dominant inheritance; 
in fact, male-to-male transmission is 
evident, therefore discounting an 
X-linked transmission.'*"! The clinical 
features of the 12 patients examined 
in this family are summarized in 
Table 1. Their ages in 1987, or at time 
of death, ranged from 4 to 68 years 
with a mean age of 35 years. Eight 
patients, including those affected 
with STO syndrome, developed symp- 
toms during the first or second decade 
of life and three were asymptomatic 
but clinieally affected. The main pre- 
senting symptoms were foot deformi- 
ty and difficulty in walking. The 
affected members were at most only 
moderately disabled, except case III- 
10 in which foot deformities were so 
severe that walking was difficult. 


Patients With HMSN and STO Syndrome 


All three patients Figure) were ini- 
tially seen in June 1£81 with the char- 
acteristic symptoms vf the acute phase 
of STO syndrome.’ In our patients 
there were fever, rausea, vomiting, 
general discomfort, myalgias, abdomi- 
nal pains, diarrhee, coughing, and 
respiratory distress. In June and July 
1981 these symptoms improved with 
corticoid therapy. In September 1981, 
in addition to existmg myalgias, the 
patients developed diffuse muscle 
cramps and distal paresthesia in upper 
and lower limbs. Preexisting weakness 
(Table 1) did not inerease. Like most 
STO syndrome cases attended in our 
hospital, these manifestations were 
not severe and spontaneously im- 
proved in the next few years. The 
patients declined sural nerve biopsy. 
Signs related to thar inherited neu- 
ropathy appear in Table 1. 


Electrophysiologic Findings 


Leaving aside the three patients 
with STO syndrome and HMSN, elec- 
trophysiologic studies were per- 
formed on all 58 patients with STO 
syndrome. The results of the first 
electrophysiologic studies concerning 
patients with evidence of polyneuro- 
pathy are summar zed in Table 2. 
Motor and sensory conduction veloci- 
ties were mildly reduced or normal in 
the majority of cases. In fact, moder- 
ate but not diffuse s owing of conduc- 
tion velocities was initially observed 
in only two cases, in which serial 
electrophysiologic studies demon- 
strated increase of conduction veloci- 
ties until they reached norma! val- 
ues. 

The results of electrophysiologic 
studies in patients affected with 
HMSN are summarized in Table 3. 
There was a severe and diffuse slow- 
ing of conduction velocity with ampli- 
tudes of the nerve evoked potentials 
being reduced. These findings were 
identical in patients from this family, 
with or without STO syndrome. Five 
serial electrophysiologic studies were 
done in cases IV-9 and V-5 and no 
apparent changes were observed. 

Electromyography on tibialis ante- 
rior and/or extensor digitorum brevis 
muscles performed in cases III-9, III- 
10, [V-9, IV-10, IV-12, IV-13, V-4, V-5, 
and V-8 revealed reduced motor unit 
recruitment pattern, increase in mean 
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Family pedigree. HMSN indicates hereditary motor and sensory neuropathy; STO, Spanish toxic oil. 
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*LL ind cates: ower limbs; UL, upper limbs; KJ, knee jerk; AJ, ankle jerk; A, asymptomatic; plus sign, presence of abnormality; +/—, slight presence; and minus sign, 
absence. 


Table 2.—Electrophysiologic Features in Patients With Spanish Toxic Oil Syndrome Excepting the Three 
With Hereditary Motor and Sensory Neuropathy (N = 35)* 


Motor Conduction 
III III 


Sensory Conduction, 
Peroneal Nerve Median Nerve Median Nerve 


YP Cee —_—_—— enn nn SS eee CC Or SS OO 
Amplitude, Distal Latency, Amplitude, Distal Latency, Digit ll-Wrist, Amplitude, 
mV ; ms MCV, m/s mV ms m/s uV 


19-69 (494 0.03-10 (2.5) 3.0-9 (4.8) 41-62 (53.5) 1.2-20 (8.1) 2.3-7 (3.8) 32-85 (48.0) 0.7-28 (8.1) 
*Numbers nccate range (mean); MCV, motor conduction velocity. 
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Table 3.—Electrophysiologic Features in Patients 
With Hereditary Motor and Sensory Neuropathy * 
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* MCV indicates motor conduction velocity; DL, distal latency; A, amplitude; minus sign, unobtainable; SCV, 


sensory conduction velocity; and NE, not examined. 


potential duration, and increase of 
polyphasic potentials. Spontaneous 
activity was only recorded in case V-5. 
By contrast, electromyography in the 
rest of the patients with STO syn- 
drome showed the following findings: 
myopathic pattern in 35 (60%), 
increase in mean potential duration in 
14 (24%), spontaneous activity in six 
(10%), and reduced motor unit 
recruitment pattern in ten cases 
(16%). 
COMMENT 

As described, the electrophysio- 
logic studies in this series of patients 
with STO syndrome and with neuro- 
muscular manifestations provide evi- 
dence supporting the diagnosis of axo- 
nal neuropathy. In addition, in half of 
the patients the electromyogram 
showed a myopathic pattern that may 
be related to inflammatory myopathy 
and/or lesions of terminal axons.**° 

Three of 61 patients belonged to a 
family affected with HMSN type I. 
The clinical course of their neuromus- 
cular manifestation of STO syndrome, 
as in the majority of patients in this 
series, was benign. When first evalu- 
ated we did not know that the patients 
had an inherited neuropathy. All 
three had severe, diffuse, uniform, 
and persistent slowing of conduction 
velocity. As described here, severe 
slowing of conduction velocity in STO 
syndrome is rare, and it is neither 
diffuse nor persistent. These facts 
permitted us to suspect that the 
patients also had a familial demyelin- 
ative neuropathy.” In fact, detailed 
evaluation of kin revealed the charac- 
teristic findings of HMSN type 1.6” 
Moreover, when specifically asked 
about, cases IV-9, IV-10, and V-5 rec- 
ognized symptoms of inherited neu- 
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ropathy beginning before the onset of 
STO syndrome. On the other hand, in 
contrast with other STO syndrome 
cases, electromyography in these 
cases did not show a myopathic pat- 
tern but did show signs of neurogenic 
involvement with a pattern of reduced 
activity comparable with other pa- 
tients with HMSN who were studied 
by us.’”* 

The occurrence in the same patient 
of a hereditary and acquired neuropa- 
thy has been reported. Hogan-Dann et 
al'‘ described two patients with unrec- 
ognized demyelinating Charcot-Ma- 
rie-Tooth syndrome in whom a rapid- 
ly progressive, but reversible, neurop- 
athy developed when they were given 
vincristine for treatment of Hodgkin’s 
disease. The authors found two addi- 
tional cases from the literature with 
the same complication. By contrast, in 
our three cases with STO syndrome 
and Charcot-Marie-Tooth syndrome, 
serial clinical and electrophysiologic 
studies during a period of seven years 
demonstrated that their inherited 
neuropathy did not worsen. 

Although both vincristine and STO 
syndrome cause axonal neuropathy, 
the mechanisms of axonal damage are 
different. Vincristine induced prolif- 
eration of neurofilaments and break- 
down of neurotubules with impair- 
ment of the fast axoplasmic trans- 
port.'*° Since axonal atrophy occurs in 
HMSN type 1,” the toxic effects of 
vincristine could be enhanced in pa- 
tients with this disorder predisposing 
them to severe neuropathy. In STO 
syndrome there are venocapillary lym- 
phocytic infiltrates of the epineurium, 
perineurium, and endoneurium with- 
out fibrinoid necrosis. Perineuritis 
and, later, fibrosis of the perineurium 


are conspicuous and peculiar to this 
toxic syndrome.’ Parallel to other vas- 
culitic neuropathies, polyneuritis is 
related to patchy wallerian degenera- 
tion of myelinated fibers.* Our nd- 
ings suggest that patients with HMSN 
type I do not exhibit a special suscepti- 
bility to vasculitic neuropathy. 
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Crossed Aprosodia in Strongly Dextral Patients 


Elliott D. Ross, MD; Britt Anderson, MD; Anna Morgan-Fisher, MS 


è Two strongly right-handed patients 
with aprosodia following left hemisphere 
strokes are described. These patients 
appear to represent the aprosodia ana- 
logue of crossed aphasia— crossed 
aprosodia—and provide further evidence 
that the organization of the effective com- 
ponents of language is functionally and 
anatomically similar to the organization of 
the propositional components of lan- 
guage in the brain. In addition, both 
patients evidenced ‘‘double-crossed”’ 
agraphia involving the left hand. 

(Arch Neurol 1989;46:206-209) 


[2 strongly right-handed people, the 

left hemisphere is considered domi- 
nant for modulating the propositional 
aspects of language.' An analogous 
role for the right hemisphere in domi- 
nantly modulating the affective com- 
ponents of language has only evolved 
recently in the clinical literature.” 
This concept grew from cases reported 
by Heilman et alt and Tucker et al’ in 
which posterior right hemisphere 
injury was associated with a loss of 
the ability to comprehend or repeat 
affectively intoned sentences and 
from two cases reported by Ross and 
Mesulam? in which anterior right 
hemisphere injury was associated 
with loss of affective variation in 
speech but with retention of the abili- 
ty to comprehend affectively intoned 
sentences. In 1981,° the term aproso- 
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dia was introduced because the clini- 
cal syndromes of differential loss of 
affective language caused by focal 
right hemisphere injury appeared to 
be analogous to the various aphasic 
syndromes, including recovery pat- 
terns. In addition, right subcortical 
lesions have been reported to cause 
various aprosodias similar to the way 
that left subcortical lesions cause var- 
ious aphasias.®? Most recently, Gore- 
lick and Ross’ found that the inci- 
dence of aprosodias following right 
hemisphere strokes is equal to the 
incidence of aphasias following left 
hemisphere strokes. They also pre- 
dicted that if the hypothesis concern- 
ing the role of the right hemisphere in 
processing affective language was cor- 
rect, then cases analogous to crossed 
aphasias'*'*—crossed aprosodias— 
should occur. In this article, we 
describe two strongly right-handed, 
nonaphasic patients with crossed 
aprosodias following left hemisphere 
infarction. In addition, both patients 
evidenced “double-crossed” agraphia 
involving the left hand. 


REPORT OF CASES 


Case 1.—A 59-year-old man was ad- 
mitted to Parkland Memorial Hospital, 
Dallas, with right-sided weakness. He was 
right-handed by self-report and had a +74 
laterality quotient on the Edinburgh 
Inventory,’® confirming that he was 
strongly right-handed. Four days prior to 
admission, he experienced abrupt onset of 
weakness, affecting face, arm, and leg 
equally, and slurred speech. He also 
reported a poorly characterized sensory 
change involving the right arm and leg. 

On examination, the patient was alert, 
oriented, and cooperative. Memory, in- 
sight, and mood were intact. His abstrac- 
tion ability, tested by similarities, was 
concrete. Speech was dysarthric but fluent, 
without paraphasias. No apraxic or apha- 
sic deficits were detected except for a mild 


reading impairment, possib_y relative to 
his eighth-grade level of education, and 
left-hand agraphia. Findings from bedside 
testing of affective prosody were consis- 
tent with a global aprosodia**’ Spontane- 
ous speech was affectively flat, with no 
observable gestural activity involving face 
and left limbs. The patient was unable to 
impart affective variation into a linguisti- 
cally neutral sentence when attempting to 
imitate the examiner. In addition, he could 
not identify the emotional content of state- 
ments verbalized by the examiner, using 
happy, sad, angry, surprised, or bored 
tones of voice. A moderately severe right 
hemiparesis was evident, with mild spas- 
ticity and a right Babinski sign. Pinprick, 
light touch, and temperature sensations 
were diminished over the right half of the 
body. Vibratory sensation was decreased 
at the distal right extremities, but graph- 
esthesia, double simultaneous stimulation, 
and stereognosis were normal. Coordina- 
tion was intact on the left. 

A computed tomographic (CT) scan 
obtained eight days after admission 
showed a low-density, predominantly sub- 
cortical lesion in the left border zone dis- 
tribution affecting frontal, parietal, and 
temporal lobes. The perisylvian region of 
the left middle cerebral artery was unin- 
volved. An old infarct of the left cerebral 
peduncle was also present (Fig 1). The 
Western Aphasia Battery” was adminis- 
tered nine days after admission, which 
confirmed that the patient was not aphasic 
(aphasia quotient, 95.69. However, a mod- 
erate left-sided, apractic-type agraphia 
was present (writing subtest score, 49 of 
100) without ideomotor apraxia (praxis 
subtest score, 60 of 60). Quantitative test- 
ing of affective prosedy was also per- 
formed at this time, and it demonstrated 
pure affective deafness (see “Special Tests 
of Affective Prosody”? section for de- 
tails)? This pattern of recovery is not 
unexpected considering the distribution of 
the CT lesion.***? 

CasE 2.—A 78-year-old woman was 
admitted to Parkland Memorial Hospital 
with the acute onset of dysarthria and 
right extremity weakness and numbness. 
She was right-handed by self-report and 
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hæ a +100 laterality quotient on the Edin- 
burgh inventory.“ Initially, the sensory 
los wes incomplete and the weakness 
mid. While ander observation and despite 
henarimzation, her deficit progressed to 
severe night anesthesia and flaccid hemi- 


“hysteal examination disclosed a blood 
pressure of 210/75 mm Hg, without other 
pewtiment findings. Although the patient 
wes lethargic, she was oriented to person, 
plee, month, and year. Speech was 
dysarthric but no aphasic deficits were 
nosed om initial evaluation. There was a 
right hemoenymous hemianopsia with left 
gaze preference, a right upper motor neu- 
roa facial] weakness with sensory loss, and 
a @ecreasecd right shoulder shrug on crani- 
al 2erve testing. A severe right-sided hem- 
iamesthesia to pinprick and temperature 
seusations was present, with marked loss 
of proprioreptive sensation. The patient 
had a flacesd-right hemiplegia with a right 
Beapins“i sign. Coordinatior and strength 
were norma! on the left. 

Jedsule examination of affective proso- 
dyowas orst conducted 12 days after admis- 
siem. Motor apresodia with pure affective 
deafness** (global aprosodia without loss 
of zestwralcomprehension) was diagnosed, 
simee the pateent demonstrated a spontane- 
ous y flat affect accompanied by an inabil- 
ity te anditorily recognize or repeat affec- 
tive prosody and preserved ability to recog- 
nize gestured faeial emotiors. 

a CT scan obtained 19 days after admis- 
sion showed a cortical and subcortical low- 
deasity lesion imvolvinz the suprasylvian 
ana intrasylvian distribution of the left 
miidle cerebral artery. A small subcortical 
hemorraage was also present within the 
inférctien (Fig 2). Twenty-one days after 
admission, the Western Aphasia Battery 
ws administered. Although the patient 
we somewhat inattentive, aside from a 
mederase problem on the word fluency 
susctest, no aphasic deficits were detected 
(aphasia quotient, 864). However, she 
mamifestec a moderately severe ideomotor 
apraxia and total agraphia in her nonpara- 
lyzed let hand (praxis subtest score, 25 of 
60-writng-subtest score, 0 of 100). Quanti- 
tative testimg of affective prosody was also 
pectermed and demonstrated a global 
ap osodia*”” with loss of gestural compre- 
heasion This worsening was probably due 
to the smal hemorrhage that occurred 
sime tæ previously mentioned CT scan 
was obtained. because cf transient clinical 
de*=nioration in level of consciousness. 


SPECIAL TESTS OF AFFECTIVE 
PROSODY 


“he climieal and acoustic®!*” evalu- 
ations of affective language have been 
described elsewhere and are robust in 
their capacity to diagnose aprosodias. 
Brefly, speakers of nontone lan- 
guages. such as English, impart affec- 
tiv quality to their utterances pre- 
dominantiy through the use of in- 
toration.”” The most salient acoustic 
festure of mtonatior is 7undamental 
frejuerncy~’ With the aid of comput- 
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Fig 1.—Case 1. Nonenhanced computed tomographic scan 12 days after stroke. Arrowheads 
indicate patchy, predominantly subcortical infarct affecting left frontal, parietal, and temporal 
lobes in border zone distribution. Small (old) infarct of left peduncle is seen in upper two left 


panels. 





Fig 2.—Case 2. Nonenhanced computed tomographic scam 19 days after stroke. Arrowheads 
point to large middle cerebral artery infarct affecting left frontal, parietal, and temporal lobes and 
neostriatum. Focal subcortical hemorrhage is evident in lower left panel. 


ers, the variation of fundamental fre- 
quency (Fo) across an utterance can 
be displayed on a cathode-ray tube 
and quantitatively measured by calcu- 
lating its mean and SD through pro- 
grammable cursors (PM Pitch Ana- 
lyzer, Voice Identification Inc, Somer- 
ville, NJ).'* For assessing spontaneous 
affective prosody, ten tape-recorded 
phrases during each patient’s inter- 
view were analyzed and their means 


and SDs combined mathematically to 
yield a grand mean end SD. The coef- 
ficient ef variation percent (CV%) 
was then calculatec for the grand 
mean and multiplied by 100 to obtain 
an overall (normalized) measure of Fo 
variability (CV%-Fo). Each patient’s 
CV%-Fo was then compared with 
those of six control subjects, whose 
mean CV%-Fo fer spontaneous 
speech was 17.0 + 21%, using a Z- 
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score transformation. A similar pro- 
cedure as described above was utilized 
for quantifying affective-prosodic 
repetition. Each patient’s attempt to 
imitate six affectively intoned rendi- 
tions (neutral, happy, sad, angry, sur- 
prised, and indifferent) of the taped 
sentence “I am going to the other 
movies” was recorded and analyzed. 
Each patient’s CV%-Fo was then 
compared with those of the same six 
control subjects, whose mean CV%- 
Fo for the repetition task was 25.7 + 
4.0, using a Z-score transformation. 
For testing affective-prosodic com- 
prehension, the patients listened to a 
standard audiotape containing two 
sets of six randomized affective rendi- 
tions (neutral, happy, sad, angry, sur- 
prised, and indifferent) of the sen- 
tence “I am going to the other 
movies.” After each rendition of the 
first set, the patient was asked to 
identify the emotion depicted from a 
written list containing six choices 
that was also read aloud. In a control 
group of 18 subjects, the mean correct 
response was 5.4, with no subject re- 
ceiving a score of less than 4. In the 
second set of six, the patient was asked 
to match the rendition to six line 
drawings of faces depicting the six 
emotions. The control group’s mean 
correct response was 5.5, with no sub- 
ject receiving a score of less than 4. 
Finally, the patients were shown six 
individual line drawings of faces 
depicting the above six emotions and 
asked to identify the portrayed emo- 
tion by choosing the correct descriptor 
from a typewritten list that was also 
read aloud. The control group’s mean 
correct response was 5.7, with no sub- 
ject receiving a score of less than 4. 

In case 1, the CV% -Fo for spontane- 
ous affective prosody was 15.8% (Z 
score, —0.4), and for affective-pros- 
odic repetition, it was 9.0% (Z score, 
—4,2). On the affective-prosodic com- 
prehension tests, the patient scored 
one of six correct on identification and 
two of six correct on matching. On the 
facial-gestural comprehension test, he 
scored six of six correct. These find- 
ings are consistent with the syndrome 
of pure affective deafness.’ 

In case 2, the CV% -Fo for spontane- 
ous affective-prosody was 10.9 (Z 
score, —2.0), and for affective-pros- 
odic repetition, it was 8.6% (Z score, 
—4.3). On the affective-prosodic com- 
prehension tests, the patient scored 
two of six correct on identification 
and zero of six correct on matching. 
On the facial-gestural comprehension 
test, she scored one of six correct. 
These findings are consistent with a 
global aprosodia.**° | 
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COMMENT 


Crossed aphasia refers to the occur- 
ence of an aphasia after right hemi- 
sphere injury in an otherwise strongly 
right-handed person. Patients with 
crossed aphasia are considered to 
have anomalous dominance. Since 
preliminary data suggest that the 
incidence of aprosodias following 
right hemisphere strokes is the same 
as the incidence of aphasia following 
left hemisphere strokes,’ then rare 
cases should exist where aprosodias 
result from left rather than right 
hemisphere injury in strongly right- 
handed individuals. 

Two points need to be addressed 
when determining if an aphasia or 
aprosodia qualifies as a crossed-lan- 
guage syndrome. The first is whether 
or not the patient is strongly right- 
handed, since anomalous dominance 
occurs with a higher frequency in 
left-handed and weakly right-handed 
individuals (non-right-handers).” 
Both of our patients admitted to being 
right-handed, and family members 
reported this trait to have been life- 
long. Furthermore, both patients were 
scored as strong right-handers on the 
Edinburgh Inventory, with laterality 
quotients above +70; non-right-han- 
ders, as defined by Schacter et al,” 
have laterality quotients between +70 
and —100 (strongly left-handed). 
Thus, the anomalous dominance seen 
in our patients cannot be accounted 
for by non-right-handedness. The sec- 
ond point is whether or not an occult 
injury has occurred to the “nonle- 
sioned” hemisphere that could ac- 
count for the language syndrome. A 
recent publication has emphasized 
that in certain patients with brain 
lesions due to tumor, infection or 
trauma occult injury may be present 
in the left hemisphere, which could 
account for the misdiagnosis of 
crossed aphasia.” Since both of our 
patients presented with acute events 
that were consistent with infarction 
by history and CT and did not have 
evidence of right hemisphere damage 
by CT, we believe that an occult right 
hemisphere lesion cannot account for 
their crossed aprosodia. 

Crossed aprosodie appears to have 
an incidence that is similar to that of 
crossed aphasia. It has been estimated 
that crossed aphasia occurs in approx- 
imately 0.4% to 3.5% of newly diag- 
nosed aphasics.'* Although we do not 
have a precise fgure for the incidence 
of crossed aprosodia, these are the 
first cases we have encountered, 
despite active surveillance for the 
syndrome over the last eight years. 


During this period of time, 37 pub- 
lished‘t®" and scores of unpublished 
cases of aprosodia have been evalu- 
ated, including several involving left- 
handed patients with standard (non- 
anomalous) dominanee. 

Another facet to consider is that 
neither patient had significant apha- 
sic deficits, despite extensive left 
hemisphere injury. In fact, it was the 
lack of an expected aphasia that 
brought the two cases to our atten- 
tion, an experience similar to that of 
Boller’s** when he reported finding at 
autopsy a Wernicke’s area infarct ina 
right-handed patient who did not 
have a clinical history of aphasia. In 
keeping with the focal cerebral blood 
flow findings by Larsen et al,”’ that 
homologous areas of both hemi- 
spheres are active in the speech pro- 
cess, we hypothesize, based on our 
cases of crossed aprosodia, that the 
brain localizes the propositional and 
affective components of language to 
opposite hemispheres, regardless of 
whether the patient has standard or 
anomalous dominance. 

In patients who have propositional 
language organized dominantly in one 
hemisphere and finely coordinated 
(distal) motor movements organized 
dominantly in the other hemisphere, 
appropriate lesions in the hemisphere 
controlling finely coordinated move- 
ments may lead to agraphia and 
apraxia in the nonparalyzed/nonpre- 
ferred hand, without disturbances of 
propositional language. This occurs 
because in order for the hemisphere 
organizing propositional _-anguage to 
drive writing and praxis in the contra- 
lateral hand, it must first send infor- 
mation across the callosum to the 
hemisphere organizing finely coordi- 
nated movement, which ir turn sends 
information back across the callosum 
to innervate the volitional motor sys- 
tems controlling the contralateral 
hand—a double callosal cross.***° The 
critical issue is not whether the 
patient is right- or left-handed or has 
standard or anomalous dominance but 
that dominance for propositional lan- 
guage and fine-motor control are 
localized in different hemispheres. 
Thus, patients with varying handed- 
ness have been reported with the 
above-described dissociated agraphic 
and/or apraxic syndromes.” We 
suggest, therefore, that the adjeetive 
double-crossed be used as & modifier to 
agraphia and/or apraxia in these 
instances, since it emphasizes the 
mechanism of double callosal decussa- 
tion, which is thought to underlie the 
syndromes.” In this respect, neither 
of our patients should be considered 
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unusual or unique; botn evidenced 
severe agraphia of the left hand with- 
out aphasia. although only one patient 
had an assoeiated ideomotor apraxia. 

Case 1 Gemonstrates that the com- 
ponents of praxis necessary for writ- 
ing and other motor acts are anatomi- 
caly dissecable, since this patient 
could not wite on an apractic basis 
yet was abieto perform other types of 
praxis movenents on command. This 
observation is eompatible with other 
cases wed by various investiga- 
tors** in which differen: aspects of 
praxis, such.as limb vs buccofacial or 
limb vs distal (writing). were dis- 
turped in isolation, suggesting that 
different anetomic loci and transhem- 
ispherie proections subserve the vari- 
ous components of praxis. Patient 2, 
however, dic net show any dissocia- 
tion of the various components of 
praxis, probably due to the fact that 
her left hemisphere lesion was very 
extensive, whereas in patient 1 the 
left hemisphere lesion was com- 
paratively small and patchy (Figs 1 
and 2). 
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The Scope of Neurologic Practice and Care 
in England, Canada, and the United States 


Is There a Better Way? 


Matthew Menken, MD; Anthony Hopkins, MD; Thomas J. Murray, MD; Thomas S. Vates, Jr, MD 


ears ago, it was de rigueur for 

neurologists in training to spend 
some time in different institutions, 
and rather often in different countries 
as well. Most often, this meant a peri- 
od of training at the National Hospi- 
tal, Queen Square, London, where 
Minerva Neurologica was thought to 
reside. Whatever the relative heuris- 
tic merits of this eclectic approach to 
postgraduate medical education, it did 
give young physicians preparing for a 
career in the field of neurology an 
opportunity to learn that there is 
more than one way of meeting the 
neurologic care requirements of 
patients, and of training neurolo- 
gists. 

Parochialism is now the order of 
the day, so much so that one finds 
most practicing neurologists having 
been trained in one academic medical 
center, often the same department 
that provided the physician’s under- 
graduate education as well. Only 
those neurologists who pursue a fel- 
lowship in one of the subspecialties 
are likely to be exposed to the health 
system of another country. As a 
result, many physicians are largely 
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unaware of the different scope, char- 
acter, and content of neurologic prac- 
tice and care in different health sys- 
tems—even among the English- 
speaking western democracies that 
are generally thought to share value 
preferences and common goals. 

As a first step to understanding the 
commonalities and differences, three 
distinguished neurologists (from the 
United Kingdom, Canada, and the 
United States) participated in a semi- 
nar on the scope of neurologic practice 
and care in England, Canada, and the 
United States, in April 1987. Because 
of the interest that this meeting gen- 
erated, it seems appropriate to bring 
some of the issues before a broader 
audience of academic and practicing 
neurologists in several countries. The 
PRACTICE OF NEUROLOGY section of the 
ARCHIVES seems to be an appropriate 
format, because this journal is taken 
by 4291 of 7579 neurologists in the 
United States, as well as approxi- 
mately 3000 neurologists outside of 
the United States, including 117 of 174 
British neurologists and 253 of 435 
Canadian neurologists (as of 1986). 


NEUROLOGY IN THE UNITED STATES 


The former Committee on National 
Needs for Neurologists (CN?) con- 
ducted a survey of 127 neurology 
training programs in the United 
States in 1982 and 1983.'* Although 
there is certainly a diversity of opin- 
ion as to the national needs for,’ and 
supply of, neurologists in the United 
States,’ it seems appropriate to focus 
on the CN? estimates, in part because 
its activities were approved by the 
Executive Board of the American 
Academy of Neurology, the Associa- 


tion of the University Professors of 
Neurology, and the American Osteo- 
pathic Association. It is our purpose 
to explore the major assumptions of 
this outlook, when compared with the 
Canadian and British experience. 
Projections of the CN? indicate that 
there will be approximately 8000 neu- 
rologists in 1990, 11000 in the year 
2000, and 12000 in the year 2006.' As 
of 1987, there were about 32 400 people 
per neurologist’ Such a large increase, 
in such a short period of time, will 
occur because the cehorts of graduat- 
ing residents are so much larger than 
the corresponding cohorts of neurolo- 
gists who will retire. Assuming that 
neurologists will continue to be pro- 
duced at about 385 per year, and that 
neurologists will retire at the age of 
65 years, the supply will peak at about 
12200 by the year 2011, and will 
decline thereafter. The reader should 
note that the effective supply may 
differ widely from the gross total sup- 
ply, depending on such factors as the 
demographics of physicians and the 
use of allied health personnel.’ For 
example, of the 1408 neurology resi- 
dents on duty as of Sept 1, 1986, 352 
(25%) were women, and 339 (24%) 
were foreign medical graduates.‘ 
Such information is of importance 
in supply estimates if women, for 
example, tend to have a different style 
of practice from their male counter- 
parts, as appears to be the case. It has 
been shown that women physicians 
are less likely to be self-employed 
(52.4% ) than male physicians (77.2% ), 
to work fewer hours per week (52.6 
hours) than male physicians (58.2 
hours), and also to have fewer patient 
visits per week (99.3 visits) than male 
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physicians 20.3 visits).’ The implica- 
tions of suck differences on the effec- 
tive physieien supply are not intu- 
itively obvious: for example, it is pos- 
sible that because women physicians 
spend more time with each patient, 
fewer returnvisits are called for, thus 
increasing [oth the quality of care 
and effeetive supply. Also, these num- 
bers may reflect patient behavior, as 
well as physcian behavior, if female 
physicians re subjected to market 
discriminatien by men who opt to see 
male physicians in greater number. 

Ir their estimates of tne need for 
neurologists the members of the CN? 
follewee the “adjusted meeds-based 
model” ef the Graduate Medical Edu- 
catien National Advisory Committee. 
The*CN’ comeluded that a US popula- 
tion of 248. million people requires 
12566 neuro ogists for direct care, or 
5.16 neuroogists per 100000 people.’ 
Henre, the average practicing neurol- 
ogiss would meet the neurologic care 
requirements of only 19380 people. 
Sinee neurobgists in Canada and the 
United Kingdom are called on to pro- 
vide care for many more people, the 
underlying assumptions of the CN? 
estimates smould be identified and 
clearly state]. First of al_, since neu- 
rolagists are the physicians who are 
most knowledgeable about disorders 
that affect -he nervous system, it is 
assumes that most people with neuro- 
logie problems are bes: off when 
treated by the most expert care giv- 
ers—neurclegists. If one generalizes 
from this assumption across all organ 
systems, then one consequence of this 
proposed pattern of practice is that 
most patien. care will be provided on 
a specialty-»y-specialty basis. And, it 
is further assumed that such care will 
be comprehensive and well coordi- 
nated, withaut interspecialty competi- 
tion that adds to cost kut not care 
quality- 

Amother -ssumption is that many 
primary car physicians are deficient 
in the diagnosis and treatment of neu- 
rolegic illness. A number of factors 
are thought to be responsible for this 
situation. F rst, am understanding of 
thesstructurs, function, and disease of 
the nervous system is more difficult 
than many >ther organ systems, and 
this rewuires a special effort among 
students amd residents. Second, the 
exposure ef the student and resident 
to elinical reurology is seriously defi- 
cient in many undergraduate and 
graduaze eurricula. Third, many phy- 
siclans hare a negative attitude 
toward neurologic illness, which 
hinders the-effectiveness of physician 
percormance in practice. 
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In making an estimate that one 
neurologist in practice can handle 
only 19380 people, it is assumed that 
informed patients will be able to exer- 
cise the option to have unlimited 
access to a neurologist, without finan- 
cial barriers, and without other artifi- 
cial barriers—such as the require- 
ment of some prepaid group practices 
that patients must be referred by a 
primary care physician or other 
“gatekeeper.” If this pattern of 
patient self-referral is to be applica- 
ble to all medical and surgical special- 
ties, then a further implicit assump- 
tion is that patients can tell what 
symptoms call for different groups of 
specialists. With these assumptions, 
the CN? took the position in 1986 that 
“".. neurologists are and ought to be 
the primary physicians for patients 
with neurologic disorders; further, the 
public is entitled to free access to the 
physician or specialist of its choice.” 

Although there is more than one 
way to meet the care requirements of 
patients with neurologic illness, it is 
probably the dominant view among 
most US neurologists that, over time, 
many of the differences among the 
United Kingdom, Canada, and US 
health systems will fade, as specialty 
care becomes the dominant practice 
mode in all. The problem of medical 
malpractice will further encourage 
specialist care as one form of “defen- 
sive” medicine, and changing patient 
expectations will increase the demand 
for specialty services. Simultaneously 
and concomitantly, the role of the 
general practitioner (GP) in the 
United Kingdom and Canada will 
diminish, and the scope of primary 
care will focus on wellness, practice 
management, family counseling, and 
related matters, leaving for special- 
ists the tasks and responsibilities of 
all but the most banal of illnesses. 


NEUROLOGY IN CANADA 


There are 15 neurology training 
programs in Canada, all of which are 
part of a university and its medical 
center, graduating each year about 25 
to 30 neurologists who have completed 
at least four years of postgraduate 
training. Increasingly, the young neu- 
rologist has attended a university and 
medical school and has received post- 
graduate training in the same region. 
As of January 1987, there were 435 
neurologists in Canada, of whom half 
were younger than the age of 45 years, 
reflecting a 20% increase in trainees 
in the past five years. The central 
government has the authority under 
law to control the number of posts; 
thus far, training program directors 


have had considerable autonomy, and 
practicing neurologists have been free 
to practice wherever they choose. 
Assuming that 75% of neurologists 
are in private practice, and that aca- 
demic neurologists spend 50% of their 
time in practice, there are presently 
about 63100 people per practicing 
neurologist. 

Canada provides care for all citizens 
without cost to the pazient at the time 
of service, through a iniversal insur- 
ance scheme similar zo the Medicare 
program in the Unitec States. In 1985, 
health care consumed about 8% of the 
Canadian gross nazional product, 
compared with about 6% in the 
United Kingdom and 10.7% in the 
United States.’ The Canadian system 
utilizes specialty care as a backup for 
the primary care physician, and 
patient self-referral to a specialist is 
discouraged. In a health system in 
which virtually all patients are 
referred to a neurologist, most often 
by a family physician, a Task Force on 
Manpower in Canada suggested, in 
1974, an optimum dersity of one neu- 
rologist for 90000 people. At the 
present time, one of us (T.J.M.) would 
suggest that approximately 70000 
people per neurologist in practice in 
the Canadian system would allow for 
optimum neurologic eare, yet control 
both the quality of treinees and train- 
ing programs and preserve the econo- 
my of care. 

To practice as a specialist, the 
Canadian neurologist must be certi- 
fied as a consultant by passing the 
examinations of the Royal College of 
Physicians and Surg2ons of Canada. 
Neurologists are paid on a fee-for- 
service basis, but are not free to set 
fees on a “usual, customary, and rea- 
sonable” basis, as in the United 
States. Instead, regional medical soci- 
eties negotiate fee schedules with the 
Department of Health.” Charges in 
excess of negotiated fee schedules are 
not permitted. The practice of neurol- 
ogy in Canada is a cegnitive activity, 
inasmuch as neurologists are not paid 
for electrodiagnostic testing per- 
formed in a private office, nor for di- 
agnostic radiology, such as computed 
tomography in freestanding, pri- 
vately owned facilities. However, neu- 
rologists are paid for the performance 
and interpretation cf certain proce- 
dures and examinatiens performed in 
a hospital in which the administra- 
tion has approved the activity. It is 
thought that these inzentives will pre- 
vent excessive test.ng, and foster 
ready availability af technology in 
public facilities, where peer review 
and quality control can more readily 
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be implemented. 

It appears to be the viewpoint of 
most practicing Canadian neurolo- 
gists that training programs are cre- 
ating an oversupply of specialists for 
practice. Since neurologists cannot 
readily compensate for an oversupply 
of colleagues by increasing the 
amount of electrodiagnostic testing 
performed, there is a trend toward 
increasing the amount of primary 
care performed in the course of carry- 
ing out their specialty function. This 
pattern of practice assumes that neu- 
rologists can acquire and maintain 
the skills of the generalist in medical 
school and specialty training. To pro- 
tect the quality of neurologic care, as 
well as neurologic education and 
research, one of us (T.J.M.) would 
suggest that an excess of neurologists 
in practice must be avoided. At the 
same time, program directors in Can- 
ada could limit the discomfort of 
downsizing by increasing the number 
of neurologists trained for careers as 
clinical investigators, of whom a con- 
siderable shortage presently exists in 
this country. 


NEUROLOGY IN THE UNITED KINGDOM 


At present, there are 178 neurolo- 
gists in the United Kingdom, or 
approximately 308 000 people per neu- 
rologist. Even though about half of all 
medical students are now women, 
there are only three women consul- 
tant neurologists, and only one wom- 
an has been appointed since 1977. 
Because of uneven distribution, the 
density of neurologists ranges from 
230 000 to 660000 people per neurolo- 
gist.'' Most neurologists practice in 
centers that are usually university 
teaching hospitals. As a result, some 
people live many miles from the near- 
est neurologist, where regularly 
scheduled outpatient clinics are not 
generally available. The Services Sub- 
committee of the Association of 
British Neurologists has recently rec- 
ommended that there should be at 
least one neurologist per 200000 peo- 
ple. Because of a perceived shortage of 
neurologists in certain regions, one of 
us (A.H.) has suggested that some 
internists might develop a special 
interest in neurology, as is presently 
the case in cardiology and other sub- 
specialties, but most British neurolo- 
gists are opposed to such a dilution of 
their specialty, and they are pressing 
for the creation of more posts in pure 
neurology.’” 

To be appointed a consultant neu- 
rologist, a physician in the United 
Kingdom must first complete at least 
three years in internal medicine, fol- 
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lowed by training in neurology and 
related disciplines for four years. In 
practice, the time after graduation 
before substantive appointment is 
much longer, and it is unusual for a 
consultant to be appointed before the 
age of 35 years. All of the 37 senior 
registrar posts (equivalent to senior 
residents in the United States) are in 
university-affiliated hospitals. Many 
receive some training at the Institute 
of Neurology, Queen Square. About 
half of the trainees receive formal 
training in clinical neurophysiology, 
neuropathology, and neuro-ophthal- 
mology, about one third in neurora- 
diology, and less than one fifth in 
pediatric neurology.” | 

Virtually all consultant neurolo- 
gists are employed on a salaried pay- 
ment basis by the National Health 
Service (NHS). Some maintain a pri- 
vate practice of about two half days 
per week. Only 10% of the population 
is insured for private medical care." 
Few neurologists accept self-referred 
patients, even in private practice, and 
the great majority of patients are 
referred to the neurologist by another 
physician. No private insurers will 
reimburse patients for neurologic spe- 
cialty care, unless the patient has 
been referred to the neurologist by the 
GP, or other physician. There are 
approximately 31000 GPs in the 
United Kingdom, against a total of 
14584 specialists, of whom 1139 are in 
general (internal) medicine.'*'* The 
GPs are paid on a capitation basis (a 
fixed annual payment per head of 
population, irrespective of the number 
of annual visits or house calls). On 
average, a GP will take care of 1770 
people," and there are about 174 GPs 
per neurologist. — 

The lion’s share of neurologic prac- 
tice in the United Kingdom is in 
ambulatory care. Even though about 
one in five admissions to a hospital 
has a problem that primarily affects 
the nervous system, almost no emer- 
gencies are admitted to a neurologist’s 
care, but instead are admitted under a 
general medical specialist (internist). 
As the incidence and prevalence of 
neurologic illness are similar in the 
United Kingdom, Canada, and the 
United States, the ambulatory case 
mix of the neurologist is likewise sim- 
ilar. A recent practice study spon- 
sored by the Royal College of General 
Practitioners determined the rates of 
referral to specialists in more than 
300 000 patient encounters with GPs.” 
The most common neurologic prob- 
lems referred to specialists were those 
disorders that are most frequently 
encountered by GPs, such as head- 


ache, epilepsy, and unexplained symp- 
toms, such as giddiness and light- 
headedness. 

It is an assumption in the British 
health system that GPs have suffi- 
cient education, training, and experi- 
ence to manage most of the common 
disorders that affect the nervous sys- 
tem and are encountered in ambulato- 
ry care. For example, only one in ten 
patients with chronic, severe head- 
aches and migraines is referred. Such 
unproved therapies as biofeedback, 
art therapy, and intravenous infu- 
sions of dihydroergotamine mesylate 
are rarely employed. Instead, the 
tasks of reassurance and counseling 
are largely provided by the GP. Neu- 
rologists do essentially no primary 
care, but instead send the great 
majority of referred patients with 
headaches (and other conditions) back 
to the GPs. For many disorders, such 
as parkinsonism, epilepsy, and multi- 
ple sclerosis, only those patients with 
the greatest severity and complexity 
of illness receive continuing care from 
a neurologist. 

To justify increased expenditure on 
care by consultant neurologists, it 
would have to be shown that such 
expenditure resulted in a substantial 
improvement in the mortality, mor- 
bidity, or quality of life of those 
patients with neurologic illness, and 
that the same funds could not be more 
effectively spent in other ways. For 
example, British neurologists see rel- 
atively few patients in the acute stage 
of stroke, because there is no convinc- 
ing evidence that early specialist 
intervention alters long-term out- 
come. Moreover, it is generally 
assumed that patients with a chronic 
disability due, say, to multiple sclero- 
sis, will find the quality of life 
improved more by spending addition- 
al money for community support ser- 
vices, and for physical and occupa- 
tional therapists, than for additional 
specialist visits. 

The NHS remains very popular in 
the United Kingdom, even though 
there are (sometimes long) queues for 
specialty services of many types, for 
many diagnostic procedures and 
examinations, and for elective sur- 
gery. It is a question, first of all, of 
unlimited access to a family doctor 
who usually is known to the patient 
for many years, and at no cost to the 
patient at the time of service. More 
than three fourths of all women have 
seen their GP within the last year, 
and the average number of annual 
visits is about five. Moreover, British 
voters and their neurologists see the 
NHS as a good buy, or value for 
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money. Not only does the United 
Kingdom spend about half the percent 
of its gross national product on health 
eare that occurs in the United States, 
butit has a lower gross national prod- 
uct per head. Consequently, the 
United States spends nearly five 
times as much per head on health care 
as in the United Kingdom,” even 
though abeut 38 million Americans 
have no health insurance and no enti- 
thement to basic care. 


COMMENT 


The reader will quickly appreciate 
that many of the major differences in 
neurologic practice and care in 
England, Canada, and the United 
States derive from assumptions that 
are, on the whole, unsubstantiated by 
available evidence. For exemple, there 
are very different assumptions about 
the scope of primary care and the 
capacity of the primary care physi- 
cian to handle neurologic problems 
competently. There are approximately 
174°GPs per neurologist in the United 
Kingdom and about 56 GPs per neu- 
relogist in Canada, compared with 
enly 29 general/family physicians and 
internists per neurologist in the 
United States.'*!°~ It is hard to imag- 
ime any field of human endeavor other 
than medicine in which three firms, 
estensibly given the same set of social 
responsibilities and tasks, would go 
about the production process with ten 
workers in firm A, five in firm B, and 
ene in firm C, without asking relevant 
questions about quality, efficiency, 
and accessibility. 

One naturally asks why such readi- 
ly obtainable infermation about the 
eapacity of primary care, which is of 
such crucial importance in the provi- 
sion of health services, has yet to 
become an area of research interest. A 
methodologic approach to this issue is 
ene-comparable with that of the well- 
eentrolled, Burlington randomized 
study that compared the quality of 
care provided by nurse practitioners 
and primary care physicians.” With 
this approach, surely one ean identify 
those clinical problems that the gen- 
eralist can diagnese and treat inde- 
pendently, others that call for a con- 
sultation with a neurologist, and oth- 
ers that call for referral of a patient to 
a neurologist for eontinuing care. 

Primary care is a concept that 
should be elearly understood. Specifi- 
eally, primary care consists of a set of 
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tasks and responsibilities very differ- 
ent from principal care.” All health 
systems assume that specialists, 
including neurologists, can serve as 
principal care providers (team cap- 
tains) during certain episodes of ill- 
ness. Primary care medicine can per- 
haps be defined in terms of the four 
c’s: the source of first contact, com- 
prehensiveness of care, coordination 
of care, and continuity of care. The 
well-trained primary care physician 
provides health maintenance and 
medical care to the patient and fami- 
ly, regardless of the problem, be it 
biologic, behavioral, or social. 

The word consultant also must be 
sharply defined. The neurologist func- 
tions as a consultant in all known 
health systems, including the United 
States, where only 13% of a neurolo- 
gist’s patients are self-referred, and 
87% are referred by another physi- 
cian or agency (as of 1978). Those 
neurologists whose viewpoint allows 
for unlimited, direct self-referral of 
patients to neurologists must also 
allow for similar surgical care, such as 
self-referral of patients with dizzy 
spells to vascular surgeons and otolar- 
yngologists. This is a libertarian 
social arrangement that is difficult to 
reconcile with the twin goals of quali- 
ty and economy of care. Perhaps a 
more appropriate question surrounds 
the extent to which the neurologist 
should provide principal and continu- 
ing care for referred patients with 
acute and chronic disorders that 
affect the nervous system. 

If one defines a neurologist by role 
definition, then it is quite clear that 
England, Canada, and the United 
States have similarly trained clini- 
cians, using a common label, who have 
very different roles in the delivery of 
medical care. In seeking a partial 
answer to the question: Which way is 
“better?” perhaps the reader might 
start by asking which social arrange- 
ment calls for delegation of tasks and 
responsibilities to the neurologist in 
ways that make optimum use in prac- 
tice of the differentiated knowledge 
and skills that neurologists have 
acquired in training, and that are not 
shared by physicians in other fields. It 
is not only a matter of sufficient expo- 
sure to maintain skills, but also the 
diminished vigilance that psycholo- 
gists have identified among observers 
who encounter abnormalities infre- 
quently.” 
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History 9 Neurology 


The F-rst Neurology Book Written in English (1650) 


by Robert Pemell 
De Mortis Capitis 


Alam Pestronl-, MD 


@ in 1650 Robert Pemell, an English 
country phys cian, published De Morbis 
Capitis; or, 0» the Chief Internal Diseases 
ef the Head, the first neurology book 
written in Eraiish. Two facto’s are proba- 
bly responsib® for the appearance of this 
book. It was written during the 17th cen- 
tury.a period when the number of medical 
books published in English increased six- 
fold. In additon, there was a need for 
texts in Enclish. Mest poor people could 
not afford a dhysician’s care and were 
ministered to by laymen who could not 
read Latin. Tre text of De Morbis Capitis 
was based or’the works of contemporary 
and ancient authors. It conteins chapters 
en modern syndromes, eg, headache, 
paratysis, epilepsy, and vertigo, as well as 
disorders of zhe time, eg, incubus and 
phrenitide. Each chapter first describes 
the disease amd its differential diagnosis 
and then prevides remedies, including 
herbals and Weeding. Overall, the treat- 
ment of braineiseases, as outlined in De 
Morbis Capiti=, is probably a description 
ef a high stareiard of neurologic practice 
in the 17th century English countryside. 

(Arch Neare! 1989;46:2 15-220) 


Revert Perel, a medical practition- 

er in mural England in the mid- 
17th century is generally zredited for 
producing the second book written in 
English ond_seases of children.'* Less 
well known s Pemell’s book entitled 
De Morbis Capitis, probably the first 
separate neurology book written in 
Engtish (Fig 1). Although the title is 
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in Latin, the book describes its con- 
tents in an English subtitle, Of the 
Chief Internal Diseases of the Head. 
With Their Causes, Signes, Prognos- 
ticks’ and Cures, for the Benefit of 
Those That Understand Not the Latine 
Tongue. The 141-page text was pub- 
lished in London in 1650 and was the 
first of Pemell’s five books.'* Pemell’s 
full name appears in De Morbis Capi- 
tis only in an introductory poem. The 
title page identifies the author solely 
by his initials. 

While neurology texts in Latin were 
published in the 16th and 17th centu- 
ries,’ there is no record of one in 
English before the publication of De 
Morbis Capitis. No separate English 
neurology book written before 1650 
appears in Laehr’s index of early liter- 
ature on psychiatry and neurology,’ in 
the catalog of the National Library of 
Medicine” (CATLINE), or in Russell’s 
check list.!! The next notable English 
“neurology” book, De Anima Bruto- 
rum (The Soul of Brutes), was written 
in Latin by Thomas Willis” and trans- 
lated into English in 1685.” However, 
discussions of neurologic topics in 
English were available in the 16th and 
17th centuries. It was the custom to 
include a section on brain diseases at 
the beginning of general medical 
texts. One such section in a medical 
book written in English was the first 
29 chapters in Barrough’s The Method 
of Phisick (1583). 


THE AUTHOR AND HIS TIMES 


Although there is little record of 
Robert Pemell’s life or medical prac- 
tice,'* certain inferences may be made 
based on an examination of his books 
and of the records of other English 
country physicians. The average 
aspiring physician of the mid-17th 


century began seven to 14 years of 
training by entering a university at 
age 16 years.'’ The Bachelor of Arts 
degree was conferred after four years 
of work that included the study of 
Latin, logic, geometry, and astrono- 
my. The next step, the Master of Arts 
(MA) degree, required three more 
years. This curriculum emphasized 
philosophy and the further languages 
that were important for reading med- 
ical literature. The acquaintance with 
Greek and Hebrew that Pemell dem- 
onstrates in his texts suggests a for- 
mal education that extended at least 
through an MA study. After the MA 
degree was obtained, seven more 
years were generally required for pro- 
fessional training. Some students 
spent these years obtaining a formal 
medical doctor (MD) degree from 
English universities such as Oxford or 
Cambridge. Much of this education 
involved reading classic authors, 
including Galen, Fernel, and Paracel- 
sus. Pemell was not, however, licensed 
by a university to practice medicine. 
Rather, his license was issued by the 
church. It is recorded in the register 
of Archbishop Abbot (c1632)"* as per- 
mission to practice as a physician and 
surgeon in the dioceses of Canterbury, 
Chichester, and Rochester in England. 
This ecclesiastical license was grant- 
ed, in most cases, to men who received 
a university MA degree but no further 
formal degrees." In many cases such a 
student went abroad to attend medi- 
cal lectures at universities in Leyden, 
the Netherlands; Montpellier, France; 
or Padua, Italy. Others received train- 
ing through self-study, reading, or 
medical practice before licensure. 
There is little record of formal medi- 
cal apprenticeships or hospital teach- 
ing.” Clinical knowledge and skill 
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Fig 1.—Title page of De Morbis Capitis. Note 
that author is identified only by initials. The 
book was published in London in 1650. Quo- 
tations reflect Pemell’s views of duties and 
limitations of the physician and his interest in 
therapeutics. 
“It is impossible to make all sick people 
healthy; that (ability) would be better than 
(merely) prognosticating of future events.” 
HIPPOCRATES 
‘“‘Asclepiades says it is the duty of the physi- 
cian to cure safely, quickly and agreeably.” 
Cor CELsus 


were usually acquired during the 
practice of medicine on patients. 
Whatever Pemell’s training, he was 
probably granted a medical license 
after examination by and testimonials 
from eminent local physicians. 

The only record of Pemell’s practice 
is the information recorded in his five 
texts published during the last three 
years of his life, 1650 through 1653.‘ 
His practice was located in Cran- 
brook, a village in Kent located about 
45 miles southeast of London. During 
the 15th and 16th centuries, Cran- 
brook had been a center of industry, 
chiefly concerned with manufacturing 
broadcloth. By 1650, however, the 
trade was in decline and the area was 
in poverty.‘ In this setting Pemell 
describes a busy medical practice that 
left only “rapt hours” for writing his 
books.’ Despite the hard work, Pemell 
and his fellow physicians could care 
for only a minority of those who 
needed help." In any case, the poor 
could not afford a physician’s care. 
Although remedies were often com- 
posed only of common herbs, the cost 
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Fig 2.—Percentage of texts published in the vernacular (English or French) in successive 
20-year periods between 1560 and 1699 in the collection of the National Library of Medicine. 
Figures in parentheses are total number of texts in collection for each period. Note that 
percentage of books in both French and English rose dramatically. De Morbis Capitis was 


published in the period of greatest increase. 


of formulation by a physician or 
apothecary might run from one to ten 
shillings." This price was out of 
reach of the general populace whose 
yearly income averaged ten pounds. 
Thus, the task of treating a large 
fraction of the populace fell to lay 
practitioners. However, these practi- 
tioners were less educated and could 
not read the standard medical texts, 
most of which were written in Latin. 
The prefaces and postscripts in 
Pemell’s texts make it clear that he 
was aware of these problems.'* For 
example, he notes that “the poor have 
scarce bread to eat, much less money 
to go to the Physition or Chirurgion.” 
To help lay practitioners render the 
needed care, Pemell! wrote a series of 
texts with a practical bent. Two were 
devoted to remedies, or “simples.” 
One of his books was even titled Help 
for the Poor, giving him a place in the 
tradition of medica! writers who were 
concerned about the welfare of the 
general populace.” To further en- 
hance the general utility of his texts, 
they were writen in “English... for 


such as understand not the Latine 
tongue.” 

In the prefaces of his books Pemell 
appears concerned lest “some... will 
be offended” by texts written in the 
“Mother tongue.”'? Culpeper’s En- 
glish translation of the Pharmacopoe- 
ia Londinensis the year before had 
met with severe criticism.” Thus, to 
emphasize his erudition, the titles of 
his books and some of their texts are 
given in English and in other lan- 
guages, including Latin and Greex. A 
search of the National Library of 
Medicine reveals that Pemell need not 
have worried. His publications in 
English were part of a trend through 
much of Europe that had started 100 
years before. From 1560 to 1699, the 
percentage of medical books published 
in English increased almost fivefold. 
The absolute number actually grew 
even more, about nine times (Fig 2). A 
similar trend toward publication in 
the vernacular also occurred in 
French medicine during this period 
(Fig 2). 

Pemell did not live to see the culmi- 
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| Fig 4 —Prefatory poem for De Morbis Capitis as published. 


nation of this trend.'* The publication 
of his last book is dated May 29, 1653, 
five days befere he was buried in the 
church precincts at Cranbrook. He 
was survived by his three children 
aged 212 to lil years.’ 


DE MORBIS CAPITIS 


Tke first three pages of De Morbis 
Capitis contain Pemell’s preface “To 
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the friendly reader.” Here he justifies 
his choice of neurology as the subject 
of his book. “Concerning the many 
Diseases in mans body, there are none 
more dangerous and mortal, then 
those of the brain....” 

The contents of Pemell’s neurology 
book reflect a well-read author. The 
opinions of numerous other authors 
are copiously quoted and even refer- 


enced.?»»5“° The initial pages of the 
text contain an unusual “Catalogue of 
Authors, made use of in this Traet,” a 
crude bibliography (Fig 3). This list 
shows that Pemell did not confine 
himself to a specific school of thought. 
He cites a variety of classic physi- 
cians, including Greeks— Hippocrates 
and Galen, Romans—Celsius, and 
Byzantines—Paul of Aegineta. Post- 
Renaissance authors found in Pe- 
mell’s pages include Fernel—a 
Frenchman who first explicitly asso- 
ciated the pathogenesis of diseases 
with their pathology,™!*'” and 
Heurnius—a Dutchman and early 
advocate of bedside teaching in addi- 
tion to book learning for students of 
medicine.?®?P!35:2!.pp539-0 Pemell was also 
acquainted with the medical writings 
of his contemporaries. He even cites a 
text by L. Riviere published in 1649, 
only one year before the appearance 
of De Morbis Capitis. Riviere was a 
Montpellier professor who helped 
introduce the study of chemistry into 
the medical curriculum.” No English 
authors are referenced. The influence 
of Sydenham, Willis, and other Lon- 
don physicians would not reach the 
countryside for several more de- 
cades. 

After the list of citations is the 
following lovely poem (first in Latin 
[Fig 4] then translated into English) 
about the brain, its functions, and 
disorders.?™^™A8 It was written by a 
local schoolmaster probably as pay- 
ment for treatment or advice. 


The Head, the Heaven of mans Body 

is; 

The Minds High Palace, wherein it 

doth raign; 

The Fountain, whence all motion 
takes its rise, 
The Harbour, where the Senses do 
remain. 

As many Stars ith sky conjoyned 
shine; 
So rare endowments in the head 
abound; 

Life, Health, Strength, Reason, Wit, 
do there combine, 
And the best Organs of the soul are 
found. 

If mudless be the Spring, and Silver- 
cleer; 
As silver-cleer, the Streams will 
also flow; 

From muddy fountains, 
streams appear; 
And like the Fountain, do the 
waters go. 

Mans health doth much depend on his 
head; 
If that be sound, th’ whole body is at 
ease; 


muddy 
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If that, with illness, be distempered, 
On other parts some weakness soon 
doth seize. 

Who then, to skillful Pemell can 
repay 
His due reward? whose care hath 
been so great, 

For this chief part, its evills to dis- 
play, 

And, of their signs, and causes, to 
entreat? 

Who likewise hath us of choice Medi- 
cines told, 

For every Evills cure, and due 
relief; 

What ever larger Physick Volumes 
hold 
Good for thy head, is here compriz’d 
in brief. 

Let this good friend by thy Physi- 
tian, 

Whose skilful counsell and Direc- 
tion, 

Shall either keep thy head in health 
full care; 

Or by his Art, away the Evill 
chase. 
JOHN ELMESTON 
School-Master of Cranebrook 


The table of contents in De Morbis 
Capitis (Fig 5) lists 13 chapters each 
covering a specific syndrome. As 
was usual in medical texts of this 
time, headaches and disorders of con- 
sciousness are discussed extensively. 
Three and five chapters, respectively, 
deal with these topics. Other chapters 
are devoted to paralysis, vertigo, 
spasms (including tetanus), and epi- 
lepsy. Also listed in the table of con- 
tents are the locations of discussions 
of questions that the author must 
have thought especially important or 
vexatious. These include theoretical 
problems, “Whether the nightmare 
come upon any, when they are 
awake?” and therapeutic dilemmas, 
“Whether a veyn may be opened in the 
Palsie?” 


DIAGNOSIS 


Each chapter of De Morbis Capitis 
is divided into two parts. A discussion 
of the diagnostic aspects of each syn- 
drome is followed by therapeutic 
advice. Chapters begin with a defini- 
tion: “Hemicrania is a painful affec- 
tion in one part of the head; some- 
times in the right side; sometimes in 
the left side; sometimes before; and 
sometimes þbehind.”?™” Patients with 
“The apoplexie...lye without sense 
and motion (as if) stricken with thun- 
der’’**'* (Fig 6). The “palsie is a priva- 
tion of sense and motion... of half (or 
part) of the body.” 

The next paragraphs discuss the 
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Fig 5.—Table of contents of De Morbis Capitis. References to both whole chapters and 
discussions of specific questions are included. 


causes of the syndrome, usually 
couched in terms of qualities (hot, 
cold, wet, or dry) and humors (eg, 
blood or phlegm). “The palsie is 
caused by reason of many thick and 
gross humours, stopping the nerves, 
and hindering the animal faculty.”?»” 
Apoplexie “is caused by abundance of 
cold, moyst and phlegmatic humours, 
stopping the ventricles of the brain; 
and sometimes it proceedeth of blood” 
(quoted from Galen),??!® 

Most neurologic disorders, includ- 
ing vertigo, epilepsy, lethargy, and 
mania, are ascribed to dysfunction of 
the brain as a whole. However, phren- 
itis—“a continuall fever, bringing a 
Delerium, and trouble of mind’’—is 
also localized to the meninges includ- 
ing “both the Dura...and the Pia 
mater.” “When the humor is in the 
fore-part of the head, the imagination 
is hurt. When the humor is in the 
middle part of the brain, and then 
reason is hurt.”2??!"'"° Disorders of 
memory result from problems in the 
brain stem. Paralysis could come from 
“the spinalis medulla, (or) either the 
right side or the left side of the 
brain.’’** Nerves and muscles are 
mentioned once, as possible “partes 


affectae” in spasms, cramps, and teta- 
nus. Extracerebral causes of brain 
disorders are also reeognized. Epilep- 
sy could arise in the stomach and 
lethargy “by consent of other 
parts... as from the ungs.”?”°"! This 
type of anatomic correlation, based on 
“sympathy,” is typieal of the time. 
More sophisticated, although not 
always more accurate, anatomic anal- 
ysis would not appear until several 
decades later. For example, Willis,» 
with his extensive background in dis- 
section, includes both references to 
specific parts of the brain (eg, cerebel- 
lum) and actual neuropathologie cor- 
relations (eg, the presence of tumors 
or hydrocephalus) in his clinical neu- 
rologic writings (1667 and 1672). 
Diagnostic criteria for each syn- 
drome in De Morbis Capitis are based 
on the standard physical examination 
of the time.“ Observation of a 
patient’s appearance (especially the 
face and tongue) and behavior are 
followed by characterization of the 
pulse and urine. Pemell states that 
lethargic patients “lye (in sleep) most 
times with their eyes shut.??” Their 
tongue is white, by reason of plegme 
descending from the brain.” “If they 
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Fig &—An example ef the contents of De Morbis Capitis. This chapter outlines diagnosis and 


treatment of ‘‘“Apoplema.”’ 
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section of each chapter devoted to 
differential diagnosis. Lethargy dif- 
fers from catalepsy, in which “the 
eyes (remain) open” and from “the 
apoplexie (which) comes on...sud- 
denly and without a Feaver.”*?! 
“The Palsie differeth from the Apo- 
plexie, because all nerves lose their 
moving, and sensible faculty in the 
Apoplexie; but in the Palsie...some 
parts (do not) lose sense and 
motion.” 

Once a diagnosis is made, a progno- 
sis could be formulated based on spe- 
cific aspects of each case. “The Palsie 
in old men is never perfectly cured, 
because they want naturall heat.” 
“Trembling or shaking in the Palsie is 
a good signe; for it shewes, that the 
pores are open, by the which, the 
spirits are made more lively.” “Teta- 
nus is the most difficult to cure, of all 
the kinds of convulsion, and most to 
be feared.’ “Apoplexies do chiefly 
happen from 40 to threescore years 
... (and) either killeth sudenly or tur- 
neth to the Palsie.”?""’ 


CURES 


The second half of each chapter 
provides a detailed description of the 
cures for the syndrome under discus- 
sion (Fig 7). A cure to the 17th centu- 
ry physician meant recovery from an 
acute illness or emergence from a 
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hospital alive.” Thus, the aim of cures 
was to provide either relief of symp- 
toms or simply survival. The logic 
behind specific cures was to treat the 
cause of the disease so that “the effect 
is eradicated.” Treatments were 
directed toward counteracting the 
lack, oversupply, or abnormal charac- 
teristics of offending humors. In 
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Fig 7.—Examples of Pemell’s treatment of apoplexy. 


eall for an Urinal ..they soon forget 
what they said.” “The pulse is weak, 
faint, and trembling,” “The Urine 
thick, like Beass.” In “Phrensie”’ 
there is “an alienation and doting of 
the mind, agitatien of the body, and 
lightness of the head ... The tongue is 
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citrine (yellow) and rough, and at last 
waxeth black...Dangerous signes 
...are these: A very acute Fever, the 
pulse small, yet quick ... retention of 
urine; and if they void any, it is clear 
and thin. . . . E ora 

Analysis of signs is discussed in a 


applying treatments, the body was 
regarded as being composed of a vari- 
ety of individually operating organs 
and parts and not as a functioning, 
correlated whole.’ On the basis of this 
principle, treatment for a specific 
symptom varied depending on the 
part of the body affected. Pain in the 
head might be treated with a clyster 
(medicine injected into the rectum to 
empty or cleanse the bowels), while a 
similar symptom elsewhere could 
require phlebotomy or vomits. 

In De Morbis Capitis, Pemell often 
displays a multifaceted therapeutic 
approach and does not always dog- 
matically adhere te specific princi- 
ples. For example, to treat headache, 
he counsels “let outward and inward 
means be used to cease the pain, and 
to provoke rest.” If the headache is 
severe the “cure (when Choller 
abounds) must be by Glysters, Phle- 
botomy, Potions, Pills, Julebs (a 
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sweetened medicinal drink), Oyles, 
Oyntments &c.” 

Remedies recommended by Pemell 
are “tried and true” formulations that 
had generally been in use in Europe 
over the past centuries. They consist 
of medicines from vegetable or animal 
sources or of a variety of physical 
treatments. The 17th century also wit- 
nessed the introduction of many new 
drugs, including minerals (eg, mercu- 
ry) and quinine.” Some of these drugs 
were called specifics because they 
were successful in treating diseases 
without manifestly causing the evacu- 
ation of humors. However, such medi- 
cines were mainly available in big 
cities such as London (Willis® or 
Sydenham”) and are not found in De 
Morbis Capitis. They would enter the 
practice of country physicians only 
after the passage of several more 
decades. !>:!8.Pp289-290 

The pills, elysters, or ointments 
advocated in De Morbis Capitis are 
generally composed of a combination 
of ingredients, including many herbs. 
For paralysis, a clyster includes mal- 
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low and Althaea as demulcents, Mer- 
curialis as an alternative (a drug 
restoring healthy functioning to a sys- 
tem) and Betonica, a plant whose dif- 
ferent parts had astringent and aro- 
matic, or emetic and cathartic proper- 
ties. Ingredients in other remedies are 
marjoram, hyssop, lavender (a stimu- 
lant), rosemary, thyme, cinnamon, 
and nutmeg. Animal extracts included 
the brain of a hare, “much commend- 
ed as having a peeuliar property for 
the Paralyticall.”* Diet is an impor- 
tant component in both the treatment 
and prevention of disease. Patients 
with paralysis, a disorder caused by 
an overabundance of thick humors, 
are counselled to “abstain from all 
gross and flegmatie meat. . . P3637 
Physical remedies are also de- 
scribed by Pemell. Some are simple. 
“Make a noise in the ears of the 
(epileptic) party; for hereby the facul- 
ties are more stired up.’”"° “Let the 
soles of the feet be well rub’d, and 
bathed with salt and vinegar.”>5 
Some are more elaborate. Apply “a 
female pigeon (the fethers being first 
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Neurclogical Review 


Clinieal Neuroepidemiology 


Ill. Decisions 


Christopaer Ð. Koprowski, MD, MBA; W. T. Longstreth, Jr, MD, MPH; Randall D. Cebul, MD 


s weassemble elinical information 

+ or diagnosis and outcomes of 
neurologic conditiens, we need to 
make decisions about further evalua- 
tion and treatment despite the exis- 
tence of substantial uncertainty. We 
are all ‘amiliar with the uncertainty 
that smrrounds clinical situations. 
Astute neurologists formulate a strat- 
egy based not only on data from the 
literature. but also on their own 
knowledge of basic scienee and clini- 
eal cireamstances. The letter include 
not only ar estimation cf the likeli- 
hoed of particular diagncsis, but also 
consideration of the patient’s atti- 
tudes toward illness and death, the 
trade-off of high short-term risks 
with lower long-term risks, and a host 
ef ether faetors. Most often neurolo- 
gists attempt to analyze these factors 
intuitively and reach a decision about 
furtherevaluation er treatment based 
on as many relevant variables as pos- 
sible. 

Consiler the patient who has expe- 
rienced a transient ischemic attack.’ 
What is the best strategy for such a 
patient’ The neurologist may choose 
to refer the patient directly for angi- 
ography, to screen the patient first 
with noninvasive vascular studies, or 
to treat the patient with antithrom- 
botic agents without initial consider- 
atien fer carotid endarterectomy. In 
theory, but almost never in practice, 
clinicians try to make a decision based 
on an exhaustive cempilation of facts 
about the patient and the therapeutic 
options: Im the absence of an appropri- 
ate controlled clinical trial, the ideal 
decision-maker should know such 
things as: (1) the natural history of 
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patients with transient ischemic 
attacks, (2) the effectiveness and safe- 
ty of carotid endarterectomy and anti- 
thrombotic agents, (3) the sensitivity 
and specificity of noninvasive and 
invasive vascular studies for carotid 
disease, and (4) the patient’s attitudes 
toward the disability of stroke and 
toward the taking of risks. Such infor- 
mation is only incompletely known, 
with values for specific variables 
varying greatly from study to study. 

In recent years, investigators have 
analyzed the process by which such 
complex decisions are made and have 
attempted to quantitate the process.’ 
Studies of decision analysis are 
becoming more common in the medi- 
cal literature and are beginning to be 
applied to neurologic problems (Table 
1). Sox? has asserted that decision 
analysis should be taught as a “funda- 
mental clinical skill.” The topic seems 
pertinent enough to warrant a review 
for the clinical neurologist. Other 
computer-based aids to decision mak- 
ing that codify expert opinions, expert 
systems, are beyond the scope of this 
review. 

Decision analysis allows us to deal 
in a consistent and logical fashion 
with the uncertainty that is ever 
present in our clinical practice. The 
technique requires that all important 
consequences of a decision be specified 
and that the probability of each out- 
come be estimated. Estimates are 
based on the best available informa- 
tion, including personal experience 
and a careful review of the literature. 
In addition to the estimation of prob- 
abilities, decision analysis requires a 
value judgment. All outcomes are not 
the same and so a particular value or 
utility needs to be assigned to a par- 
ticular outcome, be it death, disabili- 
ty, or normal life. With estimates of 
the probabilities and utilities of all 
outcomes arranged in a single logical 
structure, the analyst can identify the 
best decision. Because the process is 
explicit, assumptions can be tested. 
Sensitivity analysis examines the 
effects on the decision of varying one 
or more of the assumptions on which 


the decision analysis is based. Each 
aspect of decision analysis (construc- 
tion of a decision tree, assignment of 
probabilities, assignment of utilities, 
and sensitivity analysis) will be illus- 
trated using examples from neurolog- 
ic conditions. Readers whose interest 
is piqued by this introductory article 
should consult more comprehensive 
reviews.*** 


TREES AND PROBABILITIES 


The first step in deeision analysis is 
to construct a decision tree. The 
branches of the tree correspond to the 
important consequences of a decision. 
A decision tree is illustrated in Fig 1. 
It addresses management decisions in 
patients with unruptured arteriove- 
nous malformations (AVMs)’ and 
flows from the left to the right where 
the future consequences of the deci- 
sion are listed. The square on the left 
is a decision node and represents the 
decision whether or not to perform 
surgery on such patients. No probabil- 
ities are assigned because a decision is 
not a random event. The circles are 
chance nodes and their branches rep- 
resent the probabilities of different 
events. For example, the first chance 
node in the no surgery strategy (node 
A) represents the possibility of either 
having or not having a hemorrhage. 
The probabilities assigned to 
branches following the chance nodes 
are derived from personal experience 
and a critical review of the pertinent 
literature. In cshis case, the authors’ 
estimate the probability of having a 
bleed at 18% and of having no bleed at 
82%. If the patient has a bleed, then 
they estimate the chance of death at 
14%, major morbidity at 20%, and 
being intact at 66%. These are condi- 
tional probabilities because they are 
conditional on prier events, namely 
events occurring farther to the left on 
the decision tree. In this case, 14% is 
the probability of death, given the 
condition that the patient has already 
experienced a bleed. If the probability 
of having a bleed (.18) is multiplied by 
the probability of having major mor- 
bidity, given a bleed (.20), them the 
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Herpes encephalitis? 


Herpes encephalitis 10 


Treatment of late asymptomatic syphilis*! 


Temporal arteritis 1? 


Visual loss due to anterior visual pathway 
disease?4 


Eaton-Lambert syndrome without known 
cancer!! 

Screening for surgically treatable causes of 
dementia?! 















Prophylactic thiamine for 
Wernicke-Korsakoff42 





* Preferred strategy under most conditions. 


Decision 


No Surgery 


Treatment of 
Unruptured 


Arteriovenous 
Malformation 


Intracranial saccular aneurysms in polycystic Angiogram and surgery if needed*: 
kidney disease2? no angiogram 


Anticoagulation in atrial fibrillation?4 


Table 1.—Decision Analyses Dealing With Neurologic Conditions 


















Anticoagulation * ; no anticoagulation 


Biopsy and vidarabine if needed; 
empiric vidarabine; no biopsy; no 





treatment 





Biopsy and vidarabine if needed; 
empiric vidarabine 

Lumbar puncture, then antibiotics; 
empiric antibiotics * 

Unilateral biopsy; bilateral biopsy; 
empiric steroids; no biopsy; no 
treatment 

Screen with visual fields; screen 
with computed tomographic scan; 
computed tomographic scan and 
cerebral angiogram 


Follow without treatment; treat 
empirically for cancer 


Selective screening with computed 
tomographic scan; routine 
screening with computed 
tomographic scan; routine 

screening with magnetic 

resonance imaging scan 


Add thiamine to alcoholic drinks * ; 
do not add thiamine 

























Outcomes Values 


Death 0.5 
Morbidity 


Intact 


Intact 


Death 


Morbidity 


Intact 


Fig 1.—Decision analysis on treatment of unruptured arteriovenous malformations. Adapted from 


lansek et al.’ 


result is .18 X .20 = .036. This prod- 
uct represents the probability both of 
having a bleed and of having major 
-= morbidity from it. A product of two or 
more conditional probabilities is 
called a joint probability and must be 
calculated as part of decision analy- 
sis. 

The analyst may manipulate joint 
probabilities in several ways to obtain 
information. For instance, if the deci- 
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sion is not to perform surgery, then 
the probability of a bleed, P (Bleed), 
multiplied by the probability of being 
intact, P (Intact), is .18 X .66 = .12. 
This joint probability is the probabili- 
ty of being intact following or condi- 
tional on the AVM having ruptured, P 
(Intact | Bleed) = .12. Using similar 
reasoning, the probability of not sus- 
taining a bleed and of remaining 
intact, P (Intact | No Bleed) is 





.82 X 1.0 = .82. To obtain the probabil- 
ity of being intact if the decision is 
made not to undergo surgery, the two 
joint probabilities just calculated are 
summed, .12+ .82 = .94. This result 
may be compared directly with the 
patient’s chances of remaining intact 
under the alternative strategy of hav- 
ing surgery. In this part of the tree 
only one branch leads to the outcome 
of interest, remaining intact. The 
probability is .63. If remaining intact 
were the only outcome of interest, a 
decision-maker might choose to for- 
mulate a policy based only on a com- 
parison of these averaged-out proba- 
bilities: the probability of remaining 
intact without surgery is .94 and with 
surgery it is .63. This simplified 
approach fails to account for other 
outcomes, such as major morbidity, 
and ignores the patient’s attitude. 

In this example, the investigators 
assume the diagnosis of AVM to be 
known with certainty. Often in the 
clinical setting, how _ikely a particu- 
lar disease is thought to be present 
greatly influences decisions about 
management. In such situations, deci- 
sion analysis often begins with an 
estimate of the likelihood of a certain 
diagnosis. Diagnostic evaluations may 
alter the likelihood of a diagnosis, as 
described in an earlier article in this 
series,’ and alter management deci- 
sions. Examples of how the diagnostic 
uncertainty affects decision analysis 
are demonstrated in the analysis of 
whether to biopsy in suspected herpes 
encephalitis,” in the analysis of 
whether to treat patients with 
Eaton-Lambert syndrome for small 
cell cancer even when the primary 
cannot be identified,'! and in the anal- 
ysis of whether to biopsy the temporal 
arteries in suspected temporal arteri- 
tis." Estimates of the likelihood of 
disease both before and after diagnos- 
tic testing are important." Decision 
analysis may show a certain threshold 
both for doing diagnostic tests and for 
administering treatment as we will 
describe in a following section. 

If decision analysis concerned only 
decisions that involvec single dichoto- 
mous outcomes such és life or death, 
injury or no injury, illness or no ill- 
ness, then the concepts described so 
far would be sufficiert to fill in the 
substance of decision trees and to do 
preliminary calculations of preferred 
strategies. Most reasonable individu- 
als would agree that life is better than 
death, no illness better than illness, 
no injury better than injury. In real 
world decision making, clinical situa- 
tions usually have many attributes. 
Drugs may produce a variety of side 
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effects, surgeries may have a gamut of 
complications, and illnesses may 
cause a range of disability. Rarely, if 
ever, does one strategy predominate 
for all attributes producing fewer 
deaths and fewer drug side effects and 
fewer surgical complications. Charac- 
teristically, clinieal decisions tend to 
preduce implicit trade-offs; fewer sur- 
gical complications against greater 
risk of death from disease or 
inereased risk of early death against 
longer life with disability. Individu- 
als. both patients or providers, have 
unique attitudes toward different 
risks. 


VALUE JUDGMENT 


Analysts must assign values or util- 
ities to different outcomes. With such 
an assignment, they can attempt diffi- 
cult comparisons, for instance, com- 
paring the value or utility of death 
after five years of normal life with 
that of death after ten years of hemi- 
plegia. Also, considerations of utility 
cam incorporate an individual’s atti- 
tude about risk. Some may be risk 
adverse or, the cenverse, some may 
prefer immediate intervention even at 
the price of a higher risk. For the 
mest part, medical decision-makers 
have contented themselves with the 
assignment of arbitrary utilities. For 
example, in Fig 1, the investigators 
arbitrarily assigned five different val- 
ues to seven different outcomes, using 
a scale from 0, the worst, to 1.0, the 
best. They assigned a value of 1.0 to 
being intact after surgery that elimi- 
nated the AVM, and a value of 0 to 
immediate death at the time of sur- 
gery. They judged immediate major 
morbidity from surgery and later 
death due to hemerrhage from the 
AVM equal in utility and assigned a 
value of 0.5. They gave delayed major 
morbidity froma bleed a value of 0.75. 
They felt being intact after surgery 
had a higher utility (1.0) than being 
intact without surgery (0.95) because 
of haying to worry about the possibil- 
ity of a bleed. Finally they assigned a 
utility of 0.90 to being intact after a 
bleed. 

The problems associated with the 
assignment of arbitrary utilities are 
apparent in this example. Patients 
aiffer widely in their attitudes toward 
a given outcome. Assignment of utili- 
ties by individual patients has advan- 
tages over arbitrary assignment. For 
instance, a higher utility is assigned 
to being intact after surgery than to 
being intact without the surgery 
because of the emotional stress asso- 
eiated with doing nothing. For many 
imdividuals this assertion may be true, 
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Risk Adverse 
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0.5 





Risk Neutral 


Value or Utility 


O 10:20. S07 4 & 


Longevity, y 
Fig 2.—Risk-adverse individuals value short- 
term survival more than gamble for greater 
longevity as illustrated by curve. For such 
individuals, utilities for survival may not be 
accurately represented by linear function. 
Adapted from Weinstein et al.” 


but for some the opposite may be true. 
Patients commonly exhibit risk aver- 
sion and would avoid the surgery if at 
all possible. Figure 2 illustrates 
graphically the concept of risk aver- 
sion. The risk-adverse individual 
assigns more value to immediate sur- 
vival even though it may mean short- 
ened longevity. Curves summarizing 
such attitudes are complex and cannot 
be represented by a linear function. 


Quality Adjusted Life Expectancy 


Developments in utility analysis 
have tended away from arbitrary 
assignment of utilities. Work in oper- 
ations research has sought to devise 
utilities with meaning for clinical sit- 
uations.” One popular approach to 
the problem involves the assignment 
of quality-adjusted life expectancy 
(QALE) units to different outcomes.’ 
In this approach the patient is asked 
to trade-off disability-free life expec- 
tancy for longevity with disability. 
The less the perceived disability, the 
fewer the equivalent number of 
months or years traded. In a patient 
with an estimated ten-year life expec- 
tancy, the individual might trade off 
0.2 years to avoid a radial nerve palsy. 
Thus, the patient would be said to be 
indifferent between being alive and 
intact for 9.8 years and alive with a 
radial nerve palsy for ten years. If the 
utility assigned to being alive and 
intact for ten years were 100, the 
consequent value of being alive for ten 
years with a radial nerve palsy would 
be 98 years. If the disability were 
more severe, such as a left hemipare- 
sis, the patient might be willing to 
give up three years of life to avoid it. 
The patient would then be said to be 





indifferent between seven years of life 
intact and ten years with the left 
hemiparesis, and the utility for the 
disability would be 70 years. In an 
extreme case, such as a persistent 
vegetative state, the patient might 
prefer to be dead. The outcome might 
even be assigned a negative utility, 
assuming death was 0 on the scale. 
The concept of QALE is useful and 
is superior to the assignment of arbi- 
trary utilities. Still, practical prob- 
lems exist with the assignment of 
QALE units.? Few patients are suffi- 
ciently stoic and insightful to give an 
accurate assessment of utilities for a 
range of outcomes, same of which they 
may never have seen or for which they 
have a limited understanding. Differ- 
ent degrees of risk aversion may ren- 
der a trade-off nonlinear and difficult 
to gauge (Fig 2). Finally, external 
validation is obviously impossible. 
Nevertheless, QALES have an intu- 
itive meaning that is easily compre- 
hensible, if difficult to quantitate for 
the average patient. At the present 
time QALES can be used to sample 
the opinion of particular classes of 
patients and, when these data-+are 
available, provide a measurement of 
utility superior to arbitrary scales. 
Recent methodologic studies'*” have 
used patient interviews to provide 
utilities. Further study in this area 
will continue to broaden the applica- 
tion of utilities and increase their 
specificity for different outcomes. 


Cost-Effectiveness and 
Cost-Benefit Analyses 


So far we have indicated how deci- 
sion analysis may be used to help 
make medical decisions under condi- 
tions where patients’ and physicians’ 
utilities are paramount. Formulators 
of health policy may have other view- 
points, notably from a societal per- 
spective. In such a context the deci- 
sion-maker may wish to consider 
diagnostic and therapeutic strategies 
under circumstances where resources 
are limited. Cost-effectiveness and 
cost-benefit analysis are two related 
types of decision amalysis, which seek 
to compare the economic efficiency of 
alternative strategies or programs. 
Cost-effectiveness analysis is used to 
compare the resources, usually mea- 
sured in dollars, used by two or more 
strategies that result in the same out- 
come, usually not measured in dollars. 
The outcomes may be expressed in 
any units as long as they are identical 
among the different strategies. For 
example, if program A cost $5000 per 
year of life saved and program B cost 
$10000 per year of life saved, then A 


Neuroepidemiology— Koprowski et al 225 


would be the more cost-effective 
strategy for saving lives. Routine use 
of computed tomographic (CI) scan- 
ning of the head and of magnetic 
` resonance imaging have been com- 
pared in evaluation of dementia using 
a cost-effectiveness analysis that con- 
siders the cost in dollars per addition- 
al quality-adjusted year of life saved.” 
Given the investigators’ assumptions, 
routine use of CT could be expected to 
detect between 1425 and 14930 surgi- 
cally treatable cases at an extra cost 
of between $0 to $49 million per 
100000 patients scanned. Replacing 
CT with magnetic resonance imaging 
would yield an additional 70 to 150 
treatable cases but at an additional 
cost of $20 to $30 million. 

Cost-benefit analysis is more con- 
troversial than _ cost-effectiveness 
analysis because all outcomes must be 
expressed in monetary terms. In most 
medical settings, cost-benefit analysis 
requires the valuation of human life 
in dollar terms, a distasteful task. 
However, cost-benefit analysis per- 
mits the decision-maker to compare 
programs in which the outcomes are 
unrelated, eg, whether it is a better 
use of resources to engage in blood 
pressure screening, or to fund 
research for treatment of ischemic 
stroke, or to build a new highway. 

The medical literature is not clear 
on which kinds of costs should be 
included in _ cost-effectiveness and 
cost-benefit analysis. Consensus 
seems to suggest that the analyst 
must take into account both direct 
and indirect costs when determining 
the costs of goods and services. Thus, 
it is insufficient simply to look at the 
professional fee for performing a CT 
scan or noninvasive study of the 
carotid vasculature. In some types of 
analyses, contigent in part on the pro- 
spective of the analysts, indirect costs 
such as capital depreciation, space 
costs, and patient-time lost from work 
must be taken into account.” Real 
economic costs are not easily obtain- 
able through the usual medical 
accounting procedures, and the tech- 
nical fee charged by the hospital or 
department may not reflect true 
costs.” Other considerations include 
discounting to reflect the lower value 
of future dollars and marginal vs 
average costs.’ 

Because indirect costs are difficult 
to determine precisely, quantitative 
decision-makers often compromise by 
using only direct costs (or charges) 
sometimes supplemented with crude 
estimations of indirect costs. In a 
study of the preferred order of diag- 
nostic testing for anterior visual path- 
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way lesion evaluation, Acosta et al” 
used charges for diagnostic testing as 
a proxy fer the cost of evaluation, and 
malpractice awards averted as the 
benefit of the evaluation. Using a sim- 
ilar approach for the evaluation of 
suspected temporal arteritis, Elliott 
et al? used procedural charges, 
charges of hospitalization, and mal- 
practice awards for blindness, to 
ascertain the most appropriate strate- 


gy. 


BEST CHOICE 
Folding Back 


After assigning utilities to all the 
different outcomes, the analyst multi- 
plies the joint probabilities of each 
outcome by their respective utilities 
and sums the products to give an 
expected utility at each prior, of left- 
ward, chance node. The analyst per- 
forms similar calculations for each 
chance node and works back through 
the decision tree going from right to 
left, to the decision node. This itera- 
tive process of right-to-left summing 
of products is called folding back and 
is continued until an expected utility 
is calculated for the principal choice 
being evaluated.? Aecording to the 
axioms of utility theory, the strategy 
with the greatest expected utility is 
the preferred strategy. Figure 3 illus- 
trates this process in a study of the 
management of incidental cerebral 
aneurysm.” In that study, the 
authors% pondered the question of 
whether or not to operate on asymp- 
tomatic cerebral aneurysms found 
during the course of investigation of 
another problem. They construct a 
tree that includes the important out- 
comes, and assign probabilities to 
these outcomes based on a review of 
the literature. Note that they” came 
up with the same tree structure as in 
Fig 1, but with different probabilities. 
Next, they arbitrarily assign utilities 
to each outcome: death is 0, disability 
is 75, and alive without disability is 
100. Assuming that most patients will 
be somewhat risk adverse, they give 
outcomes from late rupture of a surgi- 
cally untreated aneurysm intermedi- 
ate values: death, 60.2, and disability, 
90.1. Using the utilities and probabili- 
ties, the expected utilities for each 
chance node can be calculated. For the 
chance node marked B, the expected 
utility of a bleed would be U 
(Bleed) = P (Death) X U (Death) + P 
(Disability) X U (Disability) + P (Re- 
covery) X U (Recovery) = .55 X 60.2 
+15 X 90.1 + .30 x 100 = 76.6. The 
process of folding back must continue 
to the decision node. So the expected 
utility for the chance node A would 


Aes . 3 


be P (Bleed) X U (Bleed) + P (No 
Bleed) X U (No Bleed) = .29 X 
76.6 + .71 X 100 = 93.2. Similar cal- 
culations for the decision to perform 
surgery yield an expected utility of 
96.5. Based on these figures the deci- 
sion with the greatest expected utility 
is to proceed with the surgery. 
Expected utilities similarly can be cal- 
culated for the first example concern- 
ing management of an AVM that has 
not bled (see Fig 1. The expected 
utility is .926 for chance rode A, .814 
for B, and .765 for C. Comparing the 
expected utilities of surgery (.756) and 
no surgery (.926) leads to the conclu- 
sion that surgery should not be done. 

To infer this kinc of conclusion 
from available data, decision analysts 
must make arguable assumptions, and 
those familiar with the method are 
the first to admit that excessive liter- 
al mindedness in the acceptance of a 
preliminary conclusion is inadvisable. 
In the decision analysis of the man- 
agement of incidental aneurysms,” 
the authors® make many assumptions 
about probabilities and utilities. 
Many of these data are culled from 
observational series en populations 
with widely differing prognostic char- 
acteristics. To accept a conclusion of a 
meaningful difference between two 
strategies based on a 3% to4% differ- 
ence in the initially calculated ex- 
pected utilities would be hazardous; 
the data are not robust enough to 
justify such confidence 


Sensitivity Analysis 


If the initial calculation of expected 
utilities is a close call, how can deci- 
sion-makers interpret the results of 
their study? To handle such a situa- 
tion, analysts employ the technique of 
sensitivity analysis. Sensitivity analy- 
sis demonstrates what effect varying 
the probabilities assigned to chance 
nodes has on the expected utilities of 
the strategies being considered. In the 
aneurysm study, van Crevel et al” 
varied the assumptions one at a time 
over a reasonable range and noted the 
effect on the expected utility of each 
strategy. When the value for only one 
probability or utility is changed at a 
time, a one-way sensit vity analysis 
results. For instance, the investiga- 
tors had estimated an ennual risk of 
aneurysm rupture at 1% but recog- 
nized a range of plausible values from 
0.5% to 2%. Table 2 snows the ex- 
pected utilities obtained using each of 
these probabilities while holding the 
values for all other variables con- 
stant. The advantage of surgery falls 
as the annual rate of rupture falls. 
Notice that, as expectec, changes in 
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No Surgery 


Treatment of 
Imsidental 


Intracranial 
AÆmeurysm 


No Bleed 


Outcomes Values 


0.55 Death 60.2 


0.15 Morbidity 90.1 
Intact 100 


Intact 
0.71 

Death 
Morbidity 


Intact 





Fig 3.—Decision analysis on treatment of incidental intracranial saccular aneurysms. Adapted 


fram van Crevel et al.” 


this assumption would only affect the 
empectec utility for the decision not to 
perform-surgery. Several other proba- 
bilities were varied over a reasonable 
ramge, and the sensitivity analysis 
indicated that surgery was always the 
preferred strategy. In the study of 
unruptured AVMs,’ the sensitivity 
analysis showed that avoiding surgery 
was always the preferred strategy. 
Sensitivity analyses may reinforce 
a “entatiwe conclusion or may not. As 
diferent assumptions about initial 
probabilies are varied. The strategy 
heving the highest expected utility 
may change. The value of the given 
variable at which this occurs is the 
threshold and is defined as the indif- 
ference value between two strategies. 
Vem Crevel and his associates” illus- 
trate the threshold effect by consider- 
ing longevity (Fig 4). For any given 
surgical mortality and morbidity, 
there exists an age in years where the 
exaected mtility of surgery is the same 
as ‘the expected utility of no surgery — 
the threshold age. People older than 
ths threshold age, with shorter life 
expectancy, would have greater 
expected utility fram not having sur- 
gery and the reverse would be true for 
these younger than the threshold 
age. 
As alluded to in an earlier section, 
thresholes also may exist for per- 
forming diagnostic tests. In the 
study by Elliott and associates” of 
Mamagement of suspected temporal 
arteritis, the analysis showed that if 
the prebiapsy probability of temporal 
arteritis was low, less than 1.4% (test 
threshold), then no biopsy and no 
treatment were indicated. On the oth- 
er nand, if the prebiopsy probability 
was high, greater than 30% (treat- 
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ment threshold), then empiric treat- 
ment without biopsy was the pre- 
ferred strategy. Between these proba- 
bilities, the best strategy was to per- 
form bilateral biopsies and to base 
decisions about treatment on the 
results of the biopsy. The threshold 
above which the temporal artery biop- 
sy will help is a prebiopsy probability 
of temporal arteritis of 1.4%. 

Figure 4 also illustrates that more 
than one variable can be varied at a 
time. Not only does it show the 
threshold effects of age but also how 
those effects vary depending on the 
surgical morbidity and mortality. 
Thus, the decision analysis can be 
modified to be more appropriate for a 
particular patient and for a particular 
institution or surgeon. This is a two- 
way sensitivity analysis. The figure in 
the original article is a three-way 
sensitivity analysis in that it contains 
separate curves for men and women. 
A recent approach to sensitivity anal- 
ysis has been to vary all the parame- 
ters in a random and independent 
fashion, Monte Carlo simulation.”** 

Even after sensitivity analysis dem- 
onstrates that one strategy is superior 
over a range of reasonable assump- 
tions, the question can be raised about 
the clinical significance of what is 
gained by that strategy. Such an 
example is the analysis of Levey et al” 
concerning whether to perform cere- 
bral angiography on patients with 
polycystic kidney disease with the 
idea of removing any incidental aneu- 
rysms found prior to their rupture. 
Despite the expected utilities favoring 
intervention, the authors”? concluded 
that angiography and surgery were 
not necessarily indicated because the 
net gain was so small. Patients at age 


25 years were expected to gain one 
additional year of life. The gain 
ranged from one additional year of 
life for patients 25 years old to none 
for those 80 years or older. Is it better 
to consider relative or absolute bene- 
fits? A year gained in life expectancy 
may be small when compared with the 
total life expectancy, but such a gain 
for a population of such patients may 
exceed that which we expect from 
many other preventive measures. 

Similarly van Crevel et al con- 
cluded that the decision regarding 
incidental, unruptured aneurysms 
was a close call despite the sensitivity 
analyses always favoring surgical 
intervention. They noted that other 
factors might affect the decision, for 
instance, the patient’s fear of subse- 
quent hemorrhage might cause 
changes in utilities, and a better prog- 
nosis with a smaller aneurysm might 
alter the probabilities of bleed more 
than anticipated in the sensitivity 
analysis. Often these situations that 
clinicians conelude as close calls are 
confirmed to be such by decision anal- 
ysis.” The decision analysis then can 
display where additional information 
would have the greatest impact in 
making the decisien more clear-cut. 
For instance, the safety of acyelovir 
compared with vidarabine eases some 
of the difficulty in making a decision 
about brain biopsy in patients with 
suspected herpes encephalitis.?! 

One of the challenges of decision 
analysis has been how to mode! deci- 
sions when each strategy involves a 
series of chance events over time, 
when illnesses are chronic with long- 
time horizons. A decision tree would 
require huge numbers of branches to 
adequately describe such a situation. 
If these events are iterative, however, 
Markov process models may be used 
to describe them.'*=34 Rather than 
branches of a decision tree, the model 
describes states of health and speci- 
fies transition probabilities between 
them in a given increment of time. 
Beck and Pauker* used such a model 
in a study of chronie atrial fibrillation 
and emboli, comparing initial antico- 
agulation with anticoagulation only 
after an embolic event. Because the 
embolic event may occur anytime, a 
decision tree cannot easily model 
their occurrence. However, the Mar- 
kov chain approach permitted the 
authors to specify four states of 
health (good health, minor and major 
disability, and death) and to estimate 
transition probabilities among them. 
They then were able to sum the prod- 
ucts of the transition probabilities 
and respective utilities for each tem- 
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Table 2.—Example of Sensitivity Analysis Using Data From Decision Analysis of the 
Management of Incidental Intracranial Aneurysms*® 


Annual Rate of 
Aneurysm Rupture, % 


2.0 


poral increment to determine ex- 
pected utilities for each strategy. The 
analysis favored initial use of antico- 
agulation in patients with chronic 
atrial fibrillation to prevent embolic 
events, including those to the brain. A 
Markov process also has been 
employed to model the natural history 
of multiple sclerosis*® and the treat- 
ment of carotid artery disease.’ 


COMMENT 


As clinical neurologists, how do we 
deal with uncertainty? One appreach 
is to ignore or deny it and pretend 
that we know. Another approach is to 
accept that uncertainty in clinical 
neurology is ineluctable and to use 
intuition in arriving at a best decision. 
A final approach is to try to quanti- 
tate and explicitly describe the ele- 
ments of the decision, in other words 
to perform an analysis of the decision. 
These approaches are not mutually 
exclusive. This article has reviewed 
the elements of decision analysis. 
First is the construction of a decision 
tree whose branches outline the 
important consequences of a particu- 
lar decision. Next, probabilities of an 
outcome occurring are estimated, and 
values or utilities are assigned to 
each. The decision with the greatest 
expected value or utility is chosen. 
Expected utilities are calculated for 
each chance node and folded back to 
the decision node. Finally, with sensi- 
tivity analysis, assumptions are var- 
ied to see the effect on the expected 
utility of the decision. All of these 
aspects of decision analysis have been 
incorporated into software for person- 
al computers.**’ Computer programs 
ease the computational burden and 
allow more complex problems to be 
addressed. 

Such an analytic approach should 
yield the best decision on the average, 
but it will not preclude a poor out- 
come. Consider the patient with an 
arteriovenous malformation who dies 
of a massive intracranial hemorrhage 
after being advised against surgery on 
the basis of a decision analysis. Per- 
haps the seasoned clinician using 
intuition could avoid this poor out- 
come, but the danger exists of physi- 
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Expected Value or Utility 


No Surgery Difference 
87.7 8.8 
93.3 3.2 
96.5 0.0 





cians conceiving of themselves as 
omniscient decision-makers. In this 
circumstance, the physician can go to 
an extreme of denying the existence of 
uncertainty and ignoring potential 
sources of error in his or her reason- 
ing.” 

Another extreme, that of relying 
entirely on an analytic approach, also 
has its shortcomings, especially in cir- 
cumstances where there is a great 
deal of uncertainty. Decision analysis 
has been the target of many criti- 
cisms. Clearly the quality of the infor- 
mation about probabilities and utili- 
ties will determine the quality of the 
decision analysis—garbage in, gar- 
bage out. The analyst should use the 
best available data from clinical 
studies of diagnosis and outcomes. A 
critical review of the literature is 
essential. The explicit process in- 
volved with decision analysis makes it 
obvious where the deficiency in our 
understanding of a condition exists, 
and thus where future studies would 
have the most to contribute. Problems 
with weak data leading to weak deci- 
sions are not unique to decision analy- 
sis. Nevertheless, some information 
should be better than none, unless it is 
manipulated in a partial or illogical 
fashion. 

Because decision analysis is time- 
consuming, cumbersome, and difficult 
to conceptualize, it should not be used 
to address all clinical questions. It 
should be reserved mostly for those 
situations that arise commonly and in 
which the stakes are high. Clearly 
these criteria apply to many of the 
decisions faced by neurologists, per- 
haps more so than other physicians. 
Few if any neurologists have the time 
or expertise to apply decision analysis 
to their clinical practice. However, as 
decision analyses become more com- 
mon in the neurologic literature, their 
impact on clinical practice will grow. 
The more a neurologist understands 
the technique, the more useful it will 
be in his or her practice. Also, the 
more neurologists can perform the 
technique, the less we will need to rely 
on decision analyses done by persons 
without training in the neurosci- 
ences. 


No Surgery 


Age, y 


Surgery 





Mortality 1 2 a 4 5 6 
Morbidity 4 6 8 10 12 14 


Surgical Results % 


Fig 4.—Threshold age for surgery of inciden- 
tal intracranial saccular ameurysms in men. 
Threshold age is function of surgical morbidity 
and mortality. At a given surgical morbidity 
and mortality, patients whose age falls on 
curve have equal value or utility from having or 
not having surgery. Adapted from van Crevel 
et al.”° 


In decision analysis, conclusions are 
based on specific assumptions about 
what are thought to be critical vari- 
ables and not on the complete infor- 
mation available to a clinician. Sensi- 
tivity analysis can be used to test the 
strength of the conclusions but not 
the construct of the model. Thus, the 
neurologist’s own experience and 
intuition should be used to augment 
the power of decision analysis. Deci- 
sion analysis should not be conceived 
as a substitute for clinical reasoning, 
but rather, as an aid. 

A final criticism is that decision 
analysis lacks external validation. 
How would the best constructed tree 
fare against an accomplished clinician 
when outcomes from their decisions 
were compared? Such studies do not 
exist and would be difficult to per- 
form, but have been called for.” At 
this time, the criticism cannot be 
answered except to appeal to the 
internal consistency of the method. 
Few would argue that considering a 
given clinical strategy in a coherent, 
complete, and quantitative fashion 
would lead to a worse decision than by 
a purely intuitive approach. 

Both the intuitive and the analytic 
approaches to decision making have 
advantages and disadvantages. The 
best decisions would seem to come 
from a combination of both, where a 
clinician is guided but not controlled 
by decision analysis. Decision analysis 
is the formal investigation of the ana- 
lytic side of decision making. What 
makes an excellent clinical neurolo- 
gist, and what leads to sound clinical 
judgment and intuition, is less clear 
but still worthy of investigation. 
Finally, there is always the push to 
reduce uncertainty both by expanding 
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one’s personal clinical experiences 
and by clinical research. 

This series of artieles has at- 
tempted to show how the practice of 
neurology can be improved through a 
better understanding of clinical neu- 


I. Matchar DB, Pauker SG: Endarterectomy in 
carotid disease: A derision analysis. JAMA 1987; 
258:793-798. 

2 Weinstein MC, "ineberg EV, Elstein AS, et 
al: Clinical Decision Analysis. Philadelphia, WB 
Saunders Cb, 1980. 

§. Sox HE Jr: Decision analysis: A basic clini- 
cal skill? N Engl J Med 1987;316:271-272. 

4 LustediLB: Intreduction to Medical Decision 
Making. Springfield, Ill, Charles C Thomas Pub- 
lisher, 1968. 

5. Kassirer JP, Meskowitz AJ, Lau J, et al: 
Deeision analysis: A progress report. Ann Intern 
Med 1987;106:275-291. 

€ Pauker SG, Kassirer JP: Decision analysis. 
N Engl J Med 1987;315:250-258. 

T. Iansek R, Elstem AS, Balla JI: Application 
of decision analysis © management of cerebral 
arteriovenous malfermations. Lancet 1983; 
1:1332-1135. 

& Longstreth WT Jr, Koepsell TD, van Belle 
G:€linical neuroepidemiology: L Diagnosis. Arch 
Neurol 198%44:1091-2099. 

% Barza M, Pauker SG: The decision to biopsy, 
treat, or wait in suspected herpes encephalitis. 
Ann Intern Med 1980€-92:641-648. 

10. Braun P: The einical management of sus- 
pected herpes encepualitis: A jecision-analytic 
view. Am J Med 198069:895-902 

11. Eekman MH, Robert NJ, Parkinson DR, et 
al: Eaton-Lambert syndrome and small cell lung 
cancer: Side effects and certa.nty. Med Decis 
Making 1986-6:174-185. 

12. Elliott DL, Watts WJ, Reuler JB: Manage- 
ment of suspected temporal arteritis: A decision 
anatysis. Med Decis Making 1983;3:63-68. 

la. Pauker SG, Kassirer JP The threshold 
approach tovclinical decision making. N Engl J 
Med 1980;302:1109-1127. 

14. Pliskin JS, Shepard DS, Weinstein MC: 
Utility functions for Efe years and health status. 
Oper Res 1930;28:206-224. 

15. MeNeiil BJ, Weichselbaum R, Pauker SG: 
Speech and survival: Trade-offs between quality 
and quantity of life imlaryngeal cancer. N Engl J 
Med 1981;30&%982-987_ 

16. MeNeill BJ, Weichselbaum R, Pauker SG: 


Arch Neuroi—Vol 48, February 1989 


roepidemiology. Clinical neuroepi- 
demiology can help us in clinical prac- 
tice, in planning and performing 
clinical research, and in managing a 
rapidly expanding medical literature. 
It equips clinicians and researchers 
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Focal Striatal Abnormalities in a Patient 
With Obsessive-Compulsive Disorder 


Jeffrey B. Wedlburg, MD; M-Marsel Mesulam, MD; Sandra Weintraub, PhD; 
Ferdinand Bupnanno, MD; Michael Jenike, MD; John W. Stakes, MD 


@ A young nan with obsessive-compul- 
sive diserder s described who was found 
on magnetic ~esenance imaging to have 


unilateral lef*sided abnormalities in the 


heart of the caudate nucleus and puta- 
men, and a discussion of the possible role 
of the striatum in obsessive-compulsive 
diserder is presented. 

(Arch Neural 1989;46:233-235) 


())=sessive-compulsive disorder 

(OCD) i a psychiatric illness in 
whieh recur-ent and persistent ideas, 
thoughts, impulses, or images (obses- 
sioms) zive vise to repetitive, inten- 
tional behawors designed to ward off 
dreaded situations (compulsions). Ob- 
sessions ane compulsions are recog- 
nized by tk patient as unrealistic, 
excessive, and unwanted, but often 
become overwhelming and cause dis- 
ruption of occupational and social 
functioning. Recent data’ suggest 
that physiolegic abnormalities in stri- 
ata or froncal areas may be seen in 
patents wth OCD. Significantly 
increased m«tabolic rates in both cau- 
date nuclei as well as in the left 
erbitofronta gyrus were observed in a 
group cf pat ents with OCD.‘ Only the 
treatment responders in this group 
showed incmeases in the caudate/ 
hemisphere metabolic ratio after 
medicacion. 

The relationship between structural 
ehamges im the brain and OCD 
remains uneetermined. Several cases 
hawe been seported in which symp- 
toms like those of OCD first appeared 
following aequired striatal or other 
eemtral nemvous system damage.*’ 
Nonspecific zhanges (ventricular en- 
largement @ asymmetry and sulcal 
prominence were found on computed 
tomegraphie (CT) scans by Insel et al? 
in adults ane by Behar et al? in adoles- 
eents with GCD. 

Aceepted for oublication June 2, 1988. 

Feem che Departments of Psychiatry (Drs 
Weilburg and nike) and Neurology (Drs Buo- 
nano amd Stakes), Massachusetts General Hos- 
pita, and the Department of Behavioral Neurol- 
egy, Seta Isral Hospital (Drs Mesulam and 
Weintraub), Bo=ton. 

Reprint requests to Neuropsychiatry Section, 
Climeal “sychepharmacology Unit, Massachu- 
sett: General Eospital, Boston, MA 02114 (Dr 


Weilburg. 


Arch Neurol— Vol 46, February 1989 


We report a case in which magnetic 
resonance imaging (MRI) revealed 
focal structural changes in the striat- 
um of a patient who met the DSM- 
IIR) (Diagnostic and Statistical 
Manual of Mental Disorders, ed 3, 
revised!) criteria for OCD. A brief 
review of striatal neuroanatomy and 
function and a discussion of the possi- 
ble relationship between striatal dys- 
function and OCD are presented. 


REPORT OF A CASE 


A 24-year-old psychology graduate stu- 
dent complained of difficulty concen- 
trating because of repetitive intrusive 
thoughts. He had been well until his late 
teens, when he began to exhibit compulsive 
behavior, such as repetitive hand washing 
and showering, and obsessive thoughts, 
such as his being “not clean.” Dizziness 
associated with postural changes began 
around the time that the mental symptoms 
appeared. 

Medical evaluation at the time of symp- 
tom onset revealed mild orthostatic hypo- 
tension of undetermined origin. Neurologic 
examination at that time showed no abnor- 
malities. 

Checking rituals appeared when the 
patient went to college. He would repeti- 
tively count and turn to look behind him- 
self while driving. Episodes of depression, 
each lasting a few weeks at a time, began 
during college. These episodes were char- 
acterized by increased anxiety, diurnal 
variation in mood, decreased libido, and 
anergy. Rare auditory hallucinations 
(“hearing my mother’s voice while I was in 
the shower”) and occasional unexplainable 
olfactory experiences (“the smell of urine”) 
also began at this time. 

The patient was born with the umbilical 
cord wrapped around his neck, and was 
placed in a special neonatal unit. He suf- 
fered febrile convulsions as a child, and 
received phenobarbital for an undeter- 
mined period. As soon as the patient was 
able to show preference, he was noted to be 
left-handed, and is the only left-handed 
member of his family. He uses chewing 
tobacco frequently, but takes no other 
drugs or medications. 

A maternal aunt reportedly had a ticlike 
head shaking. There is no family history of 
dementia, suicide, depression, OCD, or 
hypotension. 

On examination, symptomatic ortho- 
static hypotension (a sitting pulse of 84 
beats per minute, a blood pressure of 100/ 
50 mm Hg, changing on standing for five 


minutes to 100 beats per minute and 90/60 
mm Hg) was noted. Mild dystonic postur- 
ing of the right upper extremity was noted 
during the performance of complex gait. 
Slight hypertonia on the right side was 
elicited when rapid alternating movements 
were made by the left hand, and mild 
spooning of the right hand occurred when 
the arms were extended with the eyes 
closed. No other abnormal findings were 
noted on neurologic examination. Apart 
from obsessions and compulsions, the 
results of the mental status examination 
were normal. 

Neuropsychological examination re- 
vealed the patients verbal and perfor- 
mance intelligence quotient scores to be 
equal at 108, values lower than expected, 
given his level of academic achievement. 
Considerable subtest seatter (9 on digit 
span, to 14 on arithmetic) was present. 
Mildly impaired naming and word list gen- 
eration was noted. Tests of memory indi- 
cated that the patient’s nonverbal learning 
was superior to his verbal learning. There 
was an inability to inhibit motor responses 
bilaterally to the no-go cue on a “go-no-go” 
task and to inhibit intrusion on the intere- 
ference conditior of the Stroop test. Di- 
chotic listening showed diminished perfor- 
mance bilaterally. 

A routine electroencephalogram (EEG) 
obtained while the patient was awake 
revealed intermittent, bitemporal, low- 
voltage activity of 5 to 7 Hz with a left 
predominance, which was regarded as 
within normal limits. However, a second 
EEG was considered to be abnormal 
because of asymmetrica! slowing over left 
parietocentral and temporal areas. 

Computed tomography of the brain 
revealed prominence of the temporal horns 
and asymmetry of the frontal horns. 
Decreased attenuation in the head of the 
left caudate nucleus and in the anterior 
portions of the body of the lateral ventricle 
(compatible with putamenal infarct) was 
also demonstrated. Nevertheless, the sig- 
nal characteristics of the head of the cau- 
date nucleus appeared te be normal. 

Magnetic resonance imaging of the brain 
was performed in both transaxial and cor- 
onal planes. The inversion recovery study 
(Fig 1) showed enlargement of the anterior 
portion of the lef: lateral ventricle, with a 
marked decrease in the volume of the head 
of the caudate nucleus. The lateral por- 
tions of the putamen were markedly nar- 
rowed and exhibited an almost cavitary 
slit (Fig 1, arrowhead) of markedly pro- 
longed T, relaxation characteristics. T,- 
weighted coronal images showed only the 
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Fig 1.—T,-weighted inversion recovery study demonstrating enlargement of left lateral ventricle and decrease in volume of 
head of caudate nucleus. Cavitary lesion is present in lateral portion of left putamen (arrowhead). 





Fig 2.—T.-weighted spin-echo study demonstrating (top) band regions of abnormal signal in left caudate nucleus and 
putamen (arrows) and (bottom) irregular zone of abnormal signal in posteromedial portion of head of left caudate nucleus 
(arrow). 


caudate atrophy. Spin-echo, T,-weighted 
images (Fig 2) also showed the ventricular 
dilatation and band regions of markedly 
prolonged T, signal (Fig 2, top [arrows]) in 
the affected areas of the caudate nucleus 
and putamen. The posteromedial portion 
of the head of the caudate nucleus, which 
appeared to be relatively spared on the 
T,-weighted images, contained an irregu- 
lar, lentiform zone of prolonged T, signal 
(Fig 2, bottom [arrow)). 
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COMMENT 


The patient described had unilater- 
al left-sided abnormalities in the head 
of the caudate nucleus and putamen in 
conjunction with symptoms that met 
the DSM-ITI(R) criteria for OCD. No 
structural abnormalities outside the 
striatum were observed on CT or MRI 
scans. The EEG and neuropsychologi- 


cal findings were consistent with sub- 
cortical abnormalities. 

It is difficult to determine if these 
striatal abnormalities were related to 
the patient’s OCD, or represented an 
incidental finding. However, previous 
reports of alterations in caudate 
nucleus and orbitofronta! area glueose 
metabolism* and changes in striatal 
structure associated with OCD*’ sug- 
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gest @hat the relationship may be 
merethan coincidental. 

The striatum ineludes the caudate 
nuclews, putamen, olfactory tubercle, 
and mnueleus accumbens. Various 
authers'®' have suggested that the 
striaum should be divided on the 
basis of cytoarchitecture, connectivi- 
ty, reseptor, and transmitter type into 
ventzal and dorsal areas. The ventral 
striacum (nucleus accumbens and 
olfacory tubercle) is intimately con- 
nected with the limbic system, includ- 
ing he amygdala and hippocampus, 
whexeas the dorsal area of the cau- 
dateand putamen are connected with 
othe- parts of the cerebral cortex, 
including the asseciation and para- 
limbc areas of the frontal, parietal, 
and <emporal lobes. 

‘There are dense, direct projections 
to tae head of the caudate nucleus 
from the prefrontal cortex." In 
keepimg with this pattern of connec- 
tivity, lesions in the head əf the cau- 
date nucleus can produce behavioral 
defiaits identical to those zhat follow 
pref-ontal lesions."“? Animals with 
suck lesions are particularly prone to 
pers=verative errors. For example, 
performance in a go-no-go task shows 
excessive errors of commission. 
Lesions in the prefrontal cortex of 
humans have been associated with the 
inability to inhibit irrelevant motor 
respenses.'? The most striking neuro- 
psyeaological finding in the patient 
deseribed in this article wes a difficul- 
ty m inhibiting responses on a go- 
no-go paradigm, which is sensitive to 
fromtal or caudate dys-unction.'*" 
Thispattern of clinical performance is 
related to an excessive vulnerability 
to iatrusion, a tendency for persevera- 
tior, and an inability to inhibit imme- 
diave but inappropriate response ten- 
denies. Thus, the neurcpsychologi- 
cal and behavioral deficits associated 
wita frentostriatal dysfunction paral- 
lel many of the abnormal behaviors 
maaifested by patients with OCD. 

Further evidence suggesting a pos- 
sibe link between striatum and OCD 
is derived from studies of Hunting- 
toms disease and Gilles de la Tour- 
ette s syndrome. Patients in the early 
stazes of Huntinmgton’s disease, in 
whem structural degeneration may be 
limited to the caudate nucleus, may 
shew obsessional styles of thinking 
ane perseverative behavior. Finally, 
OCD is often found in patients with 
Tomrette’s syndrome and in their fam- 
ily members,*'* and there is evidence 
thet striatal dysfunction may play a 
rol in Tourettes syndrome.?!7"!8 

“hus, the various neuroanatomical, 
nesrobehavioral, and neurophysiolog- 
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ic studies reviewed above suggest that 
there may be some link between the 
striatal changes and OCD. The origin 
of the striatal changes observed in our 
patient is uncertain but probably rep- 
resents perinatal ischemic anoxic 
changes. 

It may be objected that if the striat- 
al damage occurred during birth, 
there may be no connection with the 
OCD, which became manifest during 
adolescence. However, fixed lesions 
may have produced a vulnerability 


that later became symptomatic. 
Indeed, two studies’??? found an 
increased incidence of abnormal 


births in patients with “obsessional 
states” that became manifest after 
childhood. 

It may also be objected that where- 
as Baxter et al* found caudate hyper- 
metabolism (ie, hyperactivity), the 
atrophy in the left caudate nucleus in 
our patient would most likely be asso- 
ciated with hypoactivity. This appar- 
ent discrepancy may be reconciled if 
the lesion in the left caudate nucleus 
induced a state of relative hyperactiv- 
ity in the right caudate nucleus. Such 
compensatory hyperactivity may oc- 
cur in patients with unilateral lesions 
in the frontal eye fields who show 
forced eye deviation toward the side of 
the lesion, as if the contralateral fron- 
tal eye fields had become hyperactive. 
A similar but much more prolonged 
contralateral effect could conceivably 
occur in early acquired brain injury. 

The factors involved in the patient’s 
hypotension remain undetermined. 

The case presented here and the 
material reviewed above suggest that 
structural as well as functional abnor- 
malities in striatal complex may play 
a role in OCD. The structural changes 
in striatum in this patient, clearly 
seen on MRI, were not initially appre- 
ciated on CT scan. The greater resolu- 
tion of structures surrounding the 
ventricles with MRI?” may allow 
visualization of subtle changes in stri- 
atum and other brain areas that may 
be poorly represented on conventional 
roentgenographic studies. Magnetic 
resonance imaging of patients with 
OCD, along with neuropsychological 
tests specifically measuring striatal 
and frontal function, may provide use- 
ful information. 


The authors thank Holly Fasano for technical 
assistance. 
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METHODS: 
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Prevents thromboembolic events when 
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PRECAUTIONS General Persantine” (dipyridamole 
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Pediatric Use Safety and effectiveness in children 
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ADVERSE REACTIONS Adverse reactions at 
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initial side effects usually disappear. The following 
reactions were reported in two heart valve replace- 
ment trials Comparing Persantine and warfarin therapy 
to either warfarin alone or warfarin and placebo: 
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Other reactions trom uncontrolled studies include 
diarrhea, vomiting, flushing and pruritus. In addition, 
angina pectoris has been reported rarely. On those 
uncommon occasions when adverse reactions have 
been persistent or intolerable, they have ceased on 
withdrawal of the medication. 


When Persantine® (dipwridamole USP) was adminis- 
tered concomitantly wit" warfarin, bleeding was no 
greater in frequency or severity than that observed 
when warfarin was administered alone. 


HOW SUPPLIED Persantine* (dipyridamole USP) is 
available as round, orange, suga-coated tablets of 25 
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75 mg Tablets: Bottles of 100 and 500, unit dose of 
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“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5pm in 
diameter, form in abundance—an exceedingly rare event: 
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DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS® 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
IMPORTANT NOTE 


This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 





INDICATIONS AND USAGE: Parentera/: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of s2izures occurring during neurosurgery. 

Oral: Dilantin is indicated for the contro! of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may benecessary for optimal dosage adjustments (see Dosage and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
In neonates, the drug should be administered ata rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications aremost commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readilyachieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epilept.c patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually. However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
the development of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness‘eg, fever, rash 
and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
Suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that arriepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 





_ due to lack of solubility and resultant precipitation. 


Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomaiacia has been associated with ohenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief siteof biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction: it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles-like or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 


Dilantin 
phenytoin 


Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optima! range may produce confusional states reterred to as 
“delirium, “psychosis,” or “encephalopathy, or rarely irreversible cerebellar dysfunction. Accordingly at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Oral: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinicaticondition in which it is not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease pherytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazadone 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptble patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estragens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parentera’ and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce ower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of giucose, alkaline phosphatase, and 
gamma glutamy! transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis. 

Pregnancy: Parenteral and Dral: See Warnings 

Nursing Mothers: Parenteral and Oral: infant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular collapse anc/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral; The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus. ataxia, slurred speech, 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phencthiazine and other neuroleptic 
drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

Integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoietic System: Parenteral and Oral: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia. leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, ymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral: The lethal dose in children is not known. The lethal dase in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are temor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatcse and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity may 
occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 mcgsmL has been 
reported without evidence of toxicity. As much as 25 times the therapeutic dose has been taken to result ina serum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed anc appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol. should be borne in mind. 
Caution — Federal law prohibits dispensing without prescription. 
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CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 


tures, conferences, and clinical procedures on video. 
OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 


their bonework per se in the time delineated:t 


CRANIUM?: Osteoplastic — 

tomy, 45-60 sec. * Osteopla icsposterior c 
poral flap, 1 min. ¢ Burr | ole, 1-8 sec. 
Bilateral frontal flap, 3' 


min. © Work about orius ° OY on anchors * Cranioplasty. 






1% min. ® Posterior craniec- 


CRANIOFACIAL, MAXILLOFACIAL: Frontal * Maxillectomy ¢ 
Zygomectomy * Orbital e Supra-orbit\* Infra orbit e Mandibular resec- 
tion ¢ Mandibular TENY .  Mongipilar reduction ® Facial fractures ¢ 

- Suture holes. 





idect ay, 14 Prine Bar ae N acoustic neuroma, 
; es a. ae ; = min: * <i fossa dissection. 
SPINEt: 4 Place f.incctofeetad ities ° Anterior ‘cervical fusion with 
osteophyte removal, bone graft, 34 min. @ Posterolateral fusions * 
Posterior interbody fusions e Foraminotomies, 30 sec. * Osteophyte 
removals, 30 sec. ° Hartingte ‘rod: removals © Harrington rod transec- 
tion in situ, 2 min. ° Fiisions — posterior: and anterior. e Disc and nerve 
root problems ® A a © Taking down old fusions, 1-8 min. 


BIOPLASTICS+; Methylmethacrylate. — dissect, extige, shape ° 
Polyethylene —.abrade in situ, dissect.in situ, transect in situ, shape. 





BIOMETALS+: (Superalloys, Titanium alloys, Stainless steels) Transect 
and shape in OR, 1-6 min.; in situ, 1-6 min. 


+ Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 
FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 
are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 
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(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


ZAT GTON, DC, MAR. Teisen 1. Cospon- 
sored by George Washington University, Department 
of Nen Surgery. (Immediately precedes the 
American Association of Neurolpical Surgeons 
meeting.) 
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NEL ONLY. (Immediately precedes the National 
Association of Orthopaedic Nurses meeting.) 
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ent of University of Cin- 
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tute, The Christ and Good Samaritan Hospitals. 
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cation of Surgical Technologists meeting.) 
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The Cleveland Clinic Foundation. 
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caine ei 1989. (Immediately precedes the Hilton 





Head Island N ium.) 
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University of Massachusetts Medical School, Depart- 
ment of Neurosurgery. 
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precedes the Congress of Neurological Sur 
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PERMANENT SITES 
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nent facility locations listed below. For schako of 
these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 

quest a complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 
NEW YORK CITY, 115 East 61st Street, Lower 
Level. 
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Palm Beach, Florida. 

CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Ilinois. 
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Join the more than 7,100 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,650 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,050 OR Personnel) 
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WORKSHOPS: The workshops are held each day from 7:00 
a.m. to 1:00 p.m. They will emphasize a series of structured exer- 
cises, utilizing appropriate animal bones, skeletal bones, 

bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals appli- 
cable to neurosurgery. 


OR PERSONNEL—dissection skills to become familiar with the 
applications of power instrumentation; discussion of and participa- 
tion in problem sclving, care, and proper maintenance of power 

equipment. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operat- 
ing Room Personnel (RN/ORT/PA/Other) 
$250.00. Make check to “Chicago Sympo- 
sium.” Mail to: Midas Rex Institute, 2929 Race 

Street, Fort Worth, Texas 76111. 
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Los Angeles 
Neurological Center 
POSITIONS AVAILABLE 


The Los Angeles Neurological Center is seeking additional 
pediatric and adult neurologists to help fulfill its expanding 
commitments in caring for more than 6,000 new patients 
each year. 

Candidates nust be Board Certified or eligible and demonstrate 
competence in EEG, EMG, evoked potentials and CAT scan 
interpretation. A special expertise in cerebrovascular disease, 
neuromuscular disease, seizure disorders and sleep disorders is 
preferred. The pediatnc neurologist should be well versed in 
neonatal electroencephalopathy. 

The Center has on site EEG lab under the supervision of 
registered technicians. a Technicare CAT scanner which has a 
library of over 16,000 studies to date, a fully equipped x-ray suite, a 
Diasonics Ultrasound Vascular Lab, a Nihon-Khoden Evoked 
Response Lab, a HPLC Anti Convulsant Lab, and MRI facilities 
available. 

The Center is invotved in an active teaching program and has 
approved medical student and residency elective programs with 
the Department of Neurology & Pediatrics at the University of 
California at Irvine anc Memorial Medical Center of Long Beach. 

This is an excellent opportunity for Pediatric & Adult 
Neurologists seeking the benefits of private practice, yet still 
maintaining the intellectual excitement of an academic and 
neuroscience environment. Salary commensurate with experience. 
Full partnership in one year. Positions are open immediately. 


Send curriculum vitae to: 
Search Committee. Los Angeles Neurological Center, 
7831 Jackscn Street, P.O. Box 347 
Paramount, Califomia 90723-0347 
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CLINICAL EPILEPSY 
TRAINING PROGRAM 


The University of Washington Regional Epilepsy Center is 
pleased to announce the availability of post doctorate 
fellowships as part of its NIH/NINCDS funded Clinical 
Epilepsy Training Program. The Program is designed to 
provide integrated training in the clinical and investiga- 
tional aspects of epilepsy. Post-M.D. or Ph.D. fellowships 
of one to two years are available with preceptors in the 
following areas: Basic neurophysiology, EEG and clinical 
neurophysiology, neurochemistry, or neurogenetics of 
epilepsy; intraoperative investigations of human higher 
functions during surgical therapy; basic and clinical 
neuropharmacology of antiepileptic drugs; biostatistics; 
neuropsychology; and neuroimaging in epilepsy. Pay- 
ment levels are based on experience and follow the 
current NIH funding schedule. Inquiries concerning 
fellowships should be directed to: 


Beverly Goddard 
Regional Epilepsy Center ZA-50 
Harborview Medical Center 
325-9th Ave. 

Seattle, WA 98104. 


Please indicate your area of interest in this initial 
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lesions, metabolism was more reduced 
in the left hemisphere. 

Finally, it is also possible that 
greater left hemisphere impairment 
may have produced more functional or 
language impairment in our patients, 
so that they may have been more 
likely to request an evaluation. More- 
over, denial or neglect of symptoms in 
right hemisphere-impaired patients” 
may have resulted in these individuals 
failing to seek consultation. Given 
that a majority of our patients were 
retired, it is possible that a language 
disturbance would be more noticeable 
and impact more significantly on 
their lives than visuospatial impair- 
ment. In contrast, patients who are 
younger and more likely to be 
employed may be at ‘east as likely to 


1. Foster NL, Chase TN, Fedio P, et al: Alz- 
heimer’s disease: Focal cortical changes shown 
by positron emisson tomography. Neurology 
1983;33:961-965. 

2. Haxby JV, Duara R, Grady CL, et al: Rela- 
tions between neu~opsychelogical and cerebral 
metabolic asymmetries in early Alzheimer’s dis- 
ease. J Cereb Blooc Flow Metab 1985;5:193-200. 

3. Haxby JV, Grady CL, Duara R, et al: Neo- 
cortical metabolic abnormalities precede non- 
memory cognitive defects .n early Alzheimer’s- 
type dementia. Arch Neurol 1986;43:882-885. 

4. Neary D, Sncwden J3, Bowen DM, et al: 
Neuropsychologica syndromes in presenile 
dementia due to cerebral atrophy. J Neurol Neu- 
rosurg Psychiatry 1986;49:_ 63-174. 

5. Chase TN, Foster NL, Fedio P, et al: Region- 
al cortical dysfunc-ion in Alzheimer’s disease as 
determined by positron emission tomography. 
Ann Neurol 1984;15(suppl) S170-S174. 

6. Chase TN, Feeio P, Foster NL, et al: Wechs- 
ler Adult Intelligeace Scal2 Performance: Corti- 
cal localization by fluorodeoxyglucose F18-posi- 
tron emission tomography. Arch Neurol 1984; 
44:1244-1247. 

T. Friedland RP. Budinger TF, Koss E, et al: 
Alzheimer’s disease: Anterior-posterior and lat- 
eral hemispheric alterations in cortical glucose 
utilization. Neurosci Lett 1985;53:235-240. 

8. Bonte FJ, Ross ED, Chehabi H, et al: SPECT 
study of regional serebral blood flow in Alzhei- 
mer disease. J Comput Assist Tomogr 1986; 
10:579-583. 

9. Sharp P, Geramell H, Cherryman G, et al: 
Application of iodine-123-labeled isopropylam- 
phetamine imaging to the study of dementia. 
J Nucl Med 1986;27:761-768. 

10. Jamieson D6, Chawluk JB, Alavi A, et al: 
The effect of disease severity on local cerebral 
glucose metabolism in Alzheimer’s disease, 
abstracted. J Ce-eb Bloed Flow Metab 1987; 
7(suppl 1):S410. 

11. Duara R, Margolin RA, Robertson-Tchabo 
EA, et al: Cerebral glucose utilization as mea- 
sured with positren emission tomography in 21 
healthy men between the ages of 21 and 83 years. 
Brain 1983;106:76~ -775. 

12. Folstein MF, Folst2in SE, McHugh PR: 
“Mini-Mental State’: A practical method for 
grading the mencal state of patients for the 
clinician. J Psych-atr Res 1975;12:189-198. 

13. Hamilton M Development of a rating scale 
for primary depressive Mlness. Br J Soc Clin 
Psychol 1967;6:278-296. 

14. Blessed G, Tomlinson BE, Roth M: The 
association between quantitative measures of 
dementia and of senile change in the cerebral 
grey matter of elderly subjects. Br J Psychiatry 


152 Arch Newrol—Vo! 46, February 1989 


demonstrate the effects of impair- 
ment of the right as of the left hemi- 
sphere. There may be much greater 
demand for perceptual and spatial 
organizational abilities in the work- 
place than in a familiar home environ- 
ment. Thus, the preponderance of pre- 
dominantly left hemisphere-impaired 
patients may represent certain selec- 
tion effects. 


CONCLUSION 


The present results may reflect 
selective vulnerability of the left 
hemisphere to neurologic disease, spe- 
cific sample effects, or greater meta- 
bolic vulnerability of the left hemi- 
sphere to symmetrical cerebral dis- 
ease. Our results in the patients with 
MICD suggest the last possibility as 
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being the most likely. Quantfication 
of extent and degree of metabelic dys- 
function neeessary for dementia to be 
manifest may be possible im future 
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but none having predominant right 
hemisphere impairment, and 91% 
having relatively symmetrical scans. 


COMMENT 


This study differs from previous 
ones in that a relatively large sample 
of memory-impaired patients with 
two different diagnoses were studied. 
Furthermore, we were able to assess 
asymmetries in a more quantitative 
manner than previously reported in 
the literature. The findings indicate 
that our healthy subjects generally 
tended to exhibit greater right than 
left hemisphere metabolic rates, 
which, in this study, probably 
reflected the systematic shift induced 
by the attenuation-correction pro- 
gram, as described in the “Methods” 
section. Nevertheless, Pawlik et al” 
studied normal subjects in conditions 
identical to ours and also obtained a 
small but significantly higher right 
hemisphere metabolic rate. Similar 
results were also obtained by Perl- 
mutter et al.” 

The lack of differences among diag- 
nostic groups with regard to 
xCMRegle, is likely related to the rela- 
tively mild degree of impairment in 
our sample as a whole. This is consis- 
tent with the findings of a previous 
study in which xCMRgle was signifi- 
cantly reduced only in severe cases of 
dementia.” 

Our findings suggest predominant 
left hemisphere impairment among 
patients clinically diagnosed as hav- 
ing AD. This observation can be 
extended to patients with memory 
disorders caused by multiple cerebral 
infarctions, as well. These results are 
not consistent with the findings of 
some previous investigations that 
have used either PET or other tech- 
niques to show that functional deficits 
in AD are either generally symmetri- 
cal? or have no directional prefer- 
ence in asymmetry.**” In these previ- 
ous studies, although individual cases 
with clearly predominant left or right 
hemisphere impairment have been 
noted, no consistent directional pref- 
erence for the greup as a whole was 
obtained. However, the present data 
support the findings of several recent 
studies that have found greater left 
than right hemisphere metabolic or 


blood flow impairment in memory- 


impaired patients. An examination of 
the results of cerebral blood flow pat- 
terns, as seen in single-photon emis- 
sion computed tomography scans, has 
indicated greater left than right 
hemisphere impairment among pa- 
tients with AD. A similar pattern 
was evidenced with patients diag- 
nosed as having multi-infarct demen- 
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tia.’ Similarly, Jamieson et al,” using 
PET scans, observed predominant left 
hemisphere impairment in their 
demented patients. 

Given the striking directional pre- 
ponderance of our findings, we were 
concerned by. the possibility that 
these results may have been caused by 
some systematic methodological er- 
ror, possibly in the reconstruction 
process of the scans, or in the attenu- 
ation-correction process. Therefore, 
as described in the “Methods” section, 
two techniques were employed to 
determine whether systematic errors 
had occurred. Phantom studies dem- 
onstrated no evidence of asymmetry 
in counts for symmetrical concentra- 
tions of tracer. In addition, analyses 
of raw images that had demonstrated 
marked asymmetry or no asymmetry 
before attenuation correction also evi- 
denced the same pattern after this 
adjustment was made. Although it 
was found that the attenuation-cor- 
rection procedure induced a systemat- 
ic 1% to 2% shift in asymmetry 
toward greater right-sided metabo- 
lism, this induced asymmetry was of 
equal magnitude in normal and 
demented subjects. Finally, even if 
more substantial systematic biases 
were present, they could not account 
for the predominant left hemisphere 
impairment evidence by patients with 
AD and MICD, since the asymmetry 
scores were calculated relative to 
their deviation from normal control 
values. Patient and control studies 
were well interspersed in time, so that 
a calibration drift over several years, 
during which these scans were 
obtained, could not explain the asym- 
metries seen in the patient studies. 
Hence, our efforts te exclude the pos- 
sibility of methodological error, giv- 
ing rise to the observed findings, con- 
firmed that they could not have been 
produced by systematic artifacts. 

Our results indicated that predomi- 
nant left hemisphere impairment was 
not specific to AD but was present 
among the patients without AD as 
well. Several explanations can be con- 
sidered for the obtained findings. 
First, in many disease states affecting 
the brain, the left hemisphere may be 
more vulnerable than the right. Left 
hemisphere susceptibility to dysfunc- 
tion is suggested by a number of 
studies reviewed by Seltzer and Sher- 
win,” which indicate “selective” left 
hemisphere involvement among nor- 
mal and demented elderly patients, 
using cerebral blood flow studies and 
encephalographic measures.” Other 
evidence suggests that the electroen- 
cephalographic 6-rhythm first ap- 
pears in the left temporal regions in 
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later life.” 

Furthermore, some evidence sug- 
gests that the left hemisphere may be 
more compromised in AD and more 
vulnerable to the disease process as a 
whole. In a postmortem study of cho- 
linergic and y-aminobutyric acid sys- 
tems in senile dementia, Rossor et al’ 
examined the left hemisphere of a 
group of patients with AD and the 
right hemisphere of another group. 
Based on their results, they concluded 
that choline acetyltransferase levels 
were lower in the left vs the right 
hemisphere. 

An alternative interpretation of our 
findings is that equivalent-sized 
lesions or symmetrical extent-severi- 
ty of disease in the two hemispheres 
results in more prominent functional 
and metabolic effects within the left 
hemisphere. In their review of the 
literature, Geschwind and Galabur- 
da” cite numerous studies that have 
suggested differences in anatomical 
complexity or specialization of the 
cerebral hemispheres. Using mea- 
sures of cerebral blood flow, Gur and 
Packer® found that the amount of 
gray matter in the brain was greater 
in the left than in the right hemi- 
sphere. Previous research, mainly 
examining the effects of localized 
lesions, has suggested that the left 
hemisphere is more highly integrated 
than the right.” Moreover, Amaduc- 
ci et al“ reported that in neurological- 
ly normal subjects, the left temporal 
lobe has greater choline acetyltrans- 
ferase activity than the right. Thus, it 
is possible that greater complexity of 
left hemisphere function leads to 
greater functional impairment when 
the left hemisphere is damaged. The 
common clinical finding that “silent” 
tumors, lesions, or both are more 
often located in the right hemisphere 
and that the degree of visuospatial- 
visuoconstructive impairment is often 
not related to the extent of right 
hemisphere damage,**? supports the 
notion that comparable damage to left 
or right hemispheres may result in 
more ostensible behavioral deficits 
when the left hemisphere is involved. 
A similar phenomenon may occur 
with regard to brain metabolism, ie, 
lesions of comparable size and loca- 
tion may result in lower metabolism 
when located in the left hemisphere. 
Our results lend some support to this 
notion. In our group of five patients 
with MICD with predominant left 
hemisphere metabolic reductions, in 
only one instance was there a corre- 
sponding left-sided predominance in 
number of cortical or subcortical MR 
imaging-detected lesions. Despite a 
lack of consistent asymmetry in these 
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Table 4.—Asymmetry of CMRglc* and Severity of Alzheimer’s Diseaset 


Subjects With 
Alzheimer’s Disease 

Normal Subjects er 
Aged >50 y Mild Moderate 

(n = 45) (n = 14) (n = 17) 
0.5|| + 2.81 4.4|| + 9.99 5.7|| + 7.01 
1.4|| + 2.81 6.2 || + 7.81 6.2|| + 8.21 
+ 11.67 af. = 9.719 


Parietal lobe —1.0 + 5.8] 2.5 .16 001 
Basal ganglia-thalamus 1.4 46 + 6.6] 3.4 + .14 .001 
Occipital lobe + 


*CMRglc indicates cerebral netabolie rates for glucose. 

tAsymmetry values are comouted as (right — left)/[(right + left)/2] - 100, and are presented as mean + SD. Positive asymmetry values correspond to relatwely 
greater right-sided metabolism, while negative values correspond to greater left-sided metabolism. 

Analysis of variance F probability was used to assess the differences in mean values. 

§Bartlett Box F probability wes used te assess the differences in variances. Post hoc comparisons were only conducted if P < .05 after the Bonterro i procedureswas: 
applied to correct for multiple enalysis of variance and Bartlett Box F analyses. Uncorrected P values are presented for each of these analyses. 

||Asymmetry means that are different among subject groups at P < .05 by the Student-Neuman-Keuls procedure.*% 

Asymmetry variances that are different among subject groups at P < .05 by the Bartlett Box F statistic.4% 


Table 5.—Correspondence of PET and MR Imaging Asymmetries in Patients With MICD* 


Lesion Scores by MR Imaging§ 


Bamiett Box, 
F Pwobability§ 


Analysis of Variance, 
Brain Region F Probabilityt 
Supratentorial hemisphere 


Frontal lobe =<.0007 





Predominant 
% Maximum Lesion 
Metabolic Location Cortex Matter 
Subject Asymmetry, by MR 
Cc 


No. Diagnoses Lobet Imagingt R L R L R L R L orresponderte 
1 MICD +171 L 2 4 7 6 (0) 0 9 15 Yer 
Temporal 
2 MICD +141 Basal R 5 4 4 (0) 0 0 [e] 4 No 
ganglia- 
thalamus 
+ 101 Basal 
ganglia- 
thalamus 


14 Questionable 


4 MICD +701 Frontal er 5 3 8 11 0 0 13 
5 BINS +101 Frontal ae 2 1 20 21 0 0 22 22 Nc 
6 MICD +9 R 2 3 12 9 2 0 1E 2 Ne 
Temporal 
7 MICD + 6 R 6 (0) 7 2 0 0) 13 2 Ne 
Temporal 
8 MICD + 5 R 4 (0) 7 9 5 4 16 3 
Temporal 
MICD —§ R 
Occipital 
—12 pied Cuestiorable 
Parietal 
—15f Basal 
ganglia- 
thalamus 


Cuestionable 





* PET indicates positron emission tomography; MR, magnetic resonance; and MICD, multiple infarctions with cognitive disorder. 

tLobe with greater metabolic asymmetry, calculated as (right — left)/[(right + left)/2] - 100. 

Side with higher lesion score classified by MR imaging results (at least a three-point difference). 

§Scores obtained for cortex, white matter, and basal ganglia-thalamus as described in the text. 

||A positive metabolic asymmetry score implies left-sided hypometabolism, which should correspond to a higher left-sided MR imaging score. ‘‘Quessonable” 
correspondence is indicated when the MR imaging lesion score difference is less than 3 or the metabolic asymmetry is nonsignificant. 

{Significant metabolic asymmetry, as described in the text. 

#BINS indicates Binswenger's disease. 


and only one subject had predominant 
left hemisphere lesions (5:1). Thus, 
greater left hemisphere metabolic 
reductions among patients with MICD 
could not be explained on the basis of 
the distribution of lesions detected by 
MR imaging within the left and right 
hemispheres. Because of the relatively 
small number of patients with MICD 
studied, it was not possible to deter- 
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mine whether metabolic reductions 
were more prominent when specific 
areas of the brain evidenced lesions. 
Table 5 also demonstrates that MR 
imaging in individual subjects showed 
that the correspondence of the side 
with predominant lesions with the 
side of predominant metabolic im- 
pairment was poor. In six subjects 
there was no correspondence, in three 


it was questionable, and in omy two 
cases it was definite. 

The PET seans of neurolegically 
intact normal contro subjects were 
also classified using tne quanfiitative 
criteria described abeve. As san be 
seen in Table 2, eigat (18%" of 45 
normal control subjests were classi- 
fied as having abnormal scans, with 
four (9%) having p-edominant left 
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Healthy Normal 
Subjects Aged >50 y 


Brain Region (n = 45) 
Supratentorial hemisphere 
Frontal lobe 

Parietal lobe 

Temporal lobe 

Basal ganglia-thalamus 


Occipital lobe 


*CMRalc indicated cerebral metabolic rates for glucose. 
tAsymmetry values are computed as (right — left)/[(right + left)/2] - 


0.51 + 2.8# 
1.41 + 2.8# 


Subjects With 


a ať 


Alzheimer’s Disease 
(n = 31) 
5.11 + 8.3# 
6.21 + 7.9# 
2.6 + 10.4# 
§.3 + 12.7# 
3.9 + 73# 


3.31 + 4.9# 
5.51 + 4.7# 


4.4 + 66# 
3.5 + 8.34 





greater right-sided metabolism, while negative values correspond to greater left-sided metabolism. 
+MICD indicates multiple infarctions with cognitive disorder. 
§Analysis of variamce F probability was used to assess the differences in mean values. 
||Bartlett Box F probability was used to assess the differences in variances. Post hoc comparisons were only conducted if P < .05 after the Bonferroni procedure was 
applied to correct for multiple analysis of variance and Bartlett Box F analyses. Uncorrected P values are presented for each of these analyses. 
Asymmetry means that are different among subject groups at P < .05 by the Student-Neuman-Keuls procedure.*? 


# Asymmetry variances that are different among subject groups at P < .05 by the Bartlett Box F statistic.4% 


between groups with regards to 
xCMRgle. 

Table 2 and Fig 1 show the frequen- 
cy and direetion of asymmetry for the 
different diagnestic groups. In Table 
2, of 31 patients diagnosed to have 
AD, 22 (71%) had abnormal scans. 
Fifteen (48%) had predominant left 
hemisphere hypometabolism, while 
four (13%) had predominant right 
hemisphere hypometabolism, which 
was significant by binomial probabili- 
ty (P=.01). When variability of 
asymmetries exhibited by patients 
with AD was compared with control 
data, there was no significant differ- 
ence between greups in the occipital 
region. However, the variability of 
asymmetries in the frontal, parietal, 
temporal, and basal ganglia-thalamus 
regions was significantly more pro- 
nounced in the group with AD, as 
depicted in Table 3 and graphically 
represented in Fig 2. 

When the direction of lobar asym- 
metry was specifically examined, 12 of 
13 patients with AD with significant 
frontal lobe asymmetries exhibited 
predominant left frontal hypometa- 
bolism, whereas one exhibited pre- 
dominant right frontal hypometabo- 
lism (P< .002). Predominant left- 
sided hypometabolism was also found 
in the temporal lobes (three cases vs 
two cases), parietal lobes (three cases 
vs no cases), and the basal ganglia- 
thalamus (six cases vs two cases). 
While these trends were in the expect- 
ed direction, the small numbers for 
these regions precluded tests of statis- 
tical significance. 

To determine whether asymmetries 
in AD were related to severity of 
disease, a median split of the 31 
patients was performed using the 
Blessed Dementia Rating Scale. This 
measure of functional status was 
deemed most appropriate for this 
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Frontal Lobe Parietal Lobe 


Asymmetry: (Right — Left) /[(Right + Left) / 2] 


AD Normal 
Subjects 


Normal AD 


Subjects 


Temporal Lobe 


Normal 
Subjects 





Bartlett Box, 


Analysis of Variance, 
F Probability§ 


100 and are presented as mean + SD. Positive asymmetry values correspond to relatively 


Occipital Lobe Basal Ganglia 


Normal 
Subjects 


AD | Normal AD 


Subjects 


AD 


Fig 2.—Distribution of metabolic asymmetry between normal subjects and patients with 
Alzheimer’s disease (AD). For each region, the rectangles are centered at mean for normal 
controls. Points lying inside rectangular region are within 2.5 SDs of control mean. 


analysis because of its minimal reli- 
ance on language abilities. Results 
presented in Table 4 indicate that 
both mildly and more severely 
impaired groups with AD evidenced 
greater average supratentorial and 
frontal lobe asymmetries relative to 
controls. No significant differences 
were found between the groups with 
AD and the controls on any other 
lobar asymmetry measure. Table 4 
further reveals that mildly impaired 
subjects with AD evidenced signifi- 
cantly greater variability of asym- 
metries in the frontal, parietal, and 
temporal regions and basal ganglia- 
thalamus relative to controls. No dif- 
ference in variability of asymmetries 
were found between the two groups 
with AD. In addition, a separate cor- 
relational analysis revealed that 
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asymmetry in AD was not correlated 
with the reported duration of the dis- 
ease. 

Of the 11 patients diagnosed as hav- 
ing MICD, seven (64% ) had abnormal 
scans. As depicted in Table 2, five 
(46%) exhibited predominant left 
hemisphere impairment, while one 
(9%) evidenced predominant right 
hemisphere impairment. Because of 
the relatively small number of 
patients with MICD who had asym- 
metrical scans, these differences only 
approached statistical significance 
(P = .11), but were consistent with the 
predominant left hemisphere deficits 
seen in the group with AD. 

As depicted in Table 5, when lesions 
detected by MR imaging were quanti- 
fied by hemisphere, five subjects had 
predominant right hemisphere lesions 
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of our demented patients and was identifi- 
able in at least twc scan slices. (Normaliza- 
tion to a specific ~egion is one method of 
controlling for considerable variability 
among individuals in absolute metabolic 
rates. However, tae region chosen should 
be easily identifiable and sufficiently large 
so that partial volume artifacts do not 
degrade the reliability of the measurement 
of its metabolic rate.) 


MF Imaging 


Magnetic resorance scans were done 
using a 2.0-tesla superconductive magnet 
(Siemens Magnetem) operating at 1.0 tes- 
la, and a 25-cm diameter head coil. The 
scanning plane wes paralel to the inferior 
orbitomeatal line (the same plane as the 
PET scans). Slice thickness was 10 mm, 
with 3-mm gaps between adjacent sections. 
Standard T,- anc T,-weighted sequences 
were used. 

One of us (R.D. “blind” to the PET scan 
results, scored the MR imaging films for 
each of the 11 patients with MICD to 
quantify cortical atrophy and ventricular 
dilatation. These cerebral abnormalities 
were examined im the gray and white mat- 
ter in three subdivisions (anterior, central, 
and posterior) of each hemisphere. Scans 
were evaluated using a set of reference 
scans that demonstrated each of four 
degrees of severity (0 to 8) for the previous- 
ly mentioned features. Focal punctate and 
nodular or confivent signal abnormalities 
in the cortex anc subcortical regions (ex- 
cluding the immediate periventricular 
region) were graced on the basis of largest 
diameter, with lesion sizes of 0 to 0.5 cm, 
0.5 to 1.5 em, and larger than 1.5 em 
assigned graces | through 3, respectively. 
Grades for multiple lesions were added to 
obtain a score for eaek right and left 
frontal, central, end poszerior region of the 
brain, for the fo lowing four levels in the 
brain: supraventricular high ventricular, 
low ventricular, and infraventricular. 


Quantification of Asymmetry and 
- _ Hypometabolism 


Forty-five normal, neurologically intact 
controls had ther overall asymmetry val- 
ues and O values for the whole hemisphere 
and frontal, par etal, temporal, and basal 
ganglia-thalamus regions transformed by 
a t transformation to a mean of 50 and an 
SD of 10. An inspection of the data and the 
application of she Kelmogorov-Smirnov 
procedure” indicated that metabolic values 
for controls approached a normal distribu- 
tion before these trans‘ormations. 

For each of our 42 patients presenting 
with memory complaints, each O value was 
expressed as a i score, which allowed for 
comparison ef a specific subject’s metabol- 
ic activity with that obtained by controls. 
Any lobar meta dolic value that was 2 SDs 
below that of controls (¢ score <30) was 
classified as hypometadolic (we were spe- 
cifically interested in identifying hypome- 
tabolism, so that 2 SDs corresponded to 
less than a 3% probability of misclassifica- 
tion, using one tail o? the distribution). 
Any region with asymmetry values that 
exceeded 2.5SDs (predominant right hemi- 
sphere impairment = t score <25, and pre- 
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Fig 1.—Percentages of subjects with symmetrical and asymmetrical scans in each diagr>stic 
group. First, second, and third bars for each diagnostic group correspond to percentages of 
subjects with hypometabolism, which is predominantly right hemispheric, left hemispheric and 


symmetrical, respectively. 


Subjects“With 


Healthy Normal 


Characteristics 
of Scans 


No. of scans 
Abnormal scans 


Asymmetrical, predominant 
hemisphere impaired 
R 





Right:left impairment, P+ 


* PET indicates positron emission tomography. 


Subjects 
Aged >50 y 


Alzheimer’s 
Disease 





TMICD indicates multiple infarctions with cognitive disorder. 
Two tailed, assuming binomial distribution with equal probability of right and left hemiaphere impaiment. 


dominant left hemisphere impairment = t 
score >75) was classified as asymmetrical. 
Since our interest was to examine asym- 
metry (both predominantly right and pre- 
dominantly left hemisphere hypometabo- 
lism) a 2.5 SD cutoff, using both tails of the 
distribution, would again correspond to an 
error rate of less than 3%. 

Any PET scan in which significant 
asymmetry or hypometabolism of any of 
the brain lobes was found was classified as 
abnormal. Those patients with evidence of 
asymmetry of any of the lobes were desig- 
nated as “asymmetrical.” There was no 
difficulty in ascertaining the direction of 
asymmetries since no cross-lobe asymme- 
try was found in any subject. That is, no 
subject evidenced lobar asymmetries that 
were in different directions. 


Statistical Analysis 
Proportions of subjects presenting with 


predominantly left vs right hemisphere 
impairment were analyzed using binomial 


probability. Comparisons -f group asym- 
metries and regional m tabolic values 
were made using one-way analyses of vari- 
ance. Post hoc analyses ef mean differ- 
ences were conducted usir2 the Stwilent- 
Neuman-Keuls procedure, with the caiteri- 
on for significance set & P<.05 The 
strength of association L2=tween specific 
variables was assessed using Pearsen 
product-moment correlati ns. Differences 
in relative variances amoag groupe were 
assessed by the Bartlett Bex statistic Cor- 
rections for multiple comparisons were 
made using the Borferron procedur. 


RESULTS 


As depicted in Tale 1, patients 
with AD and MICD did not differ with 
regards to mean age Mini-Mental 
Status Examination scares, er BEssed 
Dementia Rating Scae scores All 
groups were predommantiy tight- 
handed. There were no differences 
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patients with Hachinski scores of greater 
than 7 were classified as having MICD, if 
they also evidenced multiple focal cerebral 
lesions outside of the periventricular area 
on MR scans. Patients with MICD had to 
have at least two focal nodular or conflu- 
ent lesions in the subcortical white matter, 
the cortex, or subcortical gray matter. 
Patients with MR scans suggestive of Bins- 
wanger’s disease (diffuse white matter sig- 
nal hyperintensity extending from the per- 
iventricular region to the cortical ribbon) 
were also classified as having MICD, 
regardless of Hachinski score. 

Although MR imaging abnormalities in 
the periventricular area may occur in a 
number of conditions, the significance of 
these MR imaging findings in demented 
patients has not been established. Accord- 
ing to Wade et al,“ when periventricular 
lucent areas on computed tomographic 
scans were allowed for the clinical diagno- 
sis of AD, the specificity of diagnosis was 
found to be 79%, based on neuropathologi- 
cal findings. This is a relatively high spec- 
ificity level for the clinical diagnosis of AD 
and is our justification for disregarding 
periventricular MR imaging abnormalities 
in the diagnosis of AD. 


informed Consent 


Informed consent was obtained from all 
patients and control subjects in accordance 
with the requirements of the Research and 
Human Rights Committees of the Mount 
Sinai Medical Center. 


PET 


18-F-fluorodeoxyglucose was prepared 
by the cyclotron staff of the Mount Sinai 
Medical Center, using the nucleophilic 
reaction’ modified to produce multimilli- 
curie doses. Subjects arrived one hour 
before PET scanning (performed between 
11 AM and 4 PM). Subjects remained fasting 
for a minimum period of three hours 
before the study and had not smoked ciga- 
rettes or taken any medication, alcohol, 
coffee, or tea on the study day. 

Subjects lay blindfolded and in a dimly 
lit room with their ears plugged. Two 
intravenous catheters were introduced into 
a dorsal vein of each hand, through which 
normal saline was infused. One hand was 
heated in an insulated chamber and the 
ambient air temperature was maintained 
at about 45°C. Arterialized venous blood 
samples were drawn at predetermined 
intervals from this heated hand vein, dur- 
ing the course of the study, for the mea- 
surement of the plasma concentration of 
radioactivity and glucose. Thirty minutes 
following the injection of 18-F-fluorode- 
oxyglucose, scanning was performed by a 
seven-slice camera [PETT V] image reso- 
lution, 15 mm full width at half maximum 
in the axial plane), for a duration suffi- 
cient to obtain 1.5 to 2.0 X 10° counts in the 
slice with the highest activity (average 
time, 20 minutes). The head was immobi- 
lized by using a custom-made head mold 
for each patient, and head position was 
checked periodically during the scan. Mo- 
tion artifact was an uncommon problem, 
even in the demented subjects, because 
agitated and severely demented patients 
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Characteristic 






Handedness 
R 


Rating scales scoret (range) 


Table 1.—Characteristics of Subjects by Diagnoses 


Healthy Normal 
Subjects Aged >50 y 


z ea eRe SERIES RS 


67.6 + 8.6 


Folstein 
Mini-Mental NA+ 
Blessed Dementia NA 
Hachinski NA 
xCMRglc, || mg/ 100 g/mint 67 +15 


Subjects With 

—— aS. 

Alzheimer’s 
Disease 






MICD * 












71.6 + 10.3 73.6 +9.4 


19.6 + 5.2 (8-29) 20.7 + 7.9 (8-30) 
5.7 + 3.4 (1-14) 7.1 + 6.4 (1-19.5) 
1.4§ + 1.1 (0-3) 7.7§ + 3.4 (1-12) 
tH % 25 6.1 +0.5 





*MICD indicates multiple infarctions with cognitive disorder. 


+Figures reflect mean + SD. 
+N/A indicates not applicable. 


§Means are different (P < .05) by the Student-Neuman-Keuls procedure. *9 
||xCMRglc indicates mean cerebral gray matter metabolic rates for glucose. 


were not recruited for PET studies. 

Phantom studies were done, using a 15- 
em diameter flask filled with a uniform 
concentration of 18-F-fluorodeoxyglucose 
in water, to determine whether a system- 
atic asymmetry in counts was being 
obtained from the scanner. In six such 
studies done during a four-month period, 
there was no directional preponderance to 
these asymmetries, with the mean + SD 
ratio of asymmetry (right/left) being 
1.00 + 0.03. 

Attenuation correction of the images 
was performed by means of an operator- 
drawn ellipse. Because of the possibility 
that the attenuation-correction procedure 
had produced systematic metabolic asym- 
metry in one group of subjects, studies 
were conducted to examine patient data 
before and after attenuation correction, 
with specific attention to asymmetry. It 
was not possible to recover the preattenua- 
tion-corrected images on all subjects in 
this study, but the majority of images were 
examined before and after attenuation cor- 
rection. 

In 43 normal subjects the asymmetry 
ratio (defined below) for the frontal, pari- 
etal, temporal, and occipital lobes was 
altered toward greater right-sided metab- 
olism, by the attenuation-correction proce- 
dure, by 14% +2.7%, 15% + 3.2%, 
1.2% + 3.0%, and 0.6% + 1.8%, respec- 
tively. In 39 demented subjects (AD and 
MICD) the direction of metabolic asymme- 
try for these four lobes was also altered in 
the same direction, by the attenuation- 
correction procedure, by 1.7% + 2.5%, 
0.8% + 3.0%, 1.7% +3.0%, and 0.7% + 
2.0% , respectively. There was no statistical 
difference between the normal and 
demented groups for the extent of alter- 
ation in asymmetry by attenuation correc- 
tion. The data were also examined with 
respect to the time (four years) in which 
the scans were done, and no relationship 
was found between the time of the study 
and the degree of asymmetry. Hence, it 
was apparent that although attenuation 
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correction was producing a small (1% to 
2%), but systematic, asymmetry, this 
induced asymmetry was equal for normal 
and demented subjects. The probable cause 
of this induced asymmetry is a software- 
related shift of the attenuation ellipse by 1 
pixel, after positioning of the ellipse. 

The PET scan slices were assigned a 
level above the inferior orbitomeatal line, 
parallel to the plane of scanning and using 
a standard brain atlas, as described pre- 
viously.’ Regions of interest were obtained 
by a computer program that automatically 
placed 8 X 8-mm contiguous boxes over the 
entire cortex and peak subcortical gray 
matter structures. Positions of any of the 
boxes were adjustable by the operator who 
then selected one to four boxes to corre- 
spond to each of 67 regions (32 bilateral 
and three midline regions), as shown in the 
standard brain atlas. (This method of anal- 
ysis corresponds to the method described 
in a previous publication," with the excep- 
tion that boxes of a fixed size were pro- 
jected onto the cortex and subcortical 
regions rather than freehand outlining of 
regions of interest). 

Regional cerebral metabolic rates for 
glucose for gray matter structures were 
calculated using an operational equation.” 
Mean cerebral gray matter metabolic rate 
for glucose (xCMRglc) was calculated by 
obtaining a mean value for all boxes in the 
brain selected for regional analysis. Lobar 
metabolic rates were also calculated, 
reflecting the mean value for all regions 
contained in the following lobes: frontal, 
parietal, temporal, occipital, and basal 
ganglia-thalamus. Asymmetry measures 
for each of these four regions were deter- 
mined by the formula (R —L)/([R + LV 
2) X 100, where R and L are the right- and 
left-sided metabolic rates for a region. 

Left and right hemisphere regional met- 
abolic measures were also normalized to 
the metabolic rate in the occipital lobe (O 
values). The occipital lobe was used as a 
reference region because it was a large- 
volume region found to be unaffected in all 


147 


em 
S) 


Predominant Left Hemisphere 
Metabolic Dysfunction in Dementia 


David A. Loewerstein, PhD; Warren W. Barker, MA; Jen-Yueh Chang, MS; Anthony Apicella, MS; 
Fumihito Yoshii. MD; Faresh Kothari, PhD; Bonnie Levin, PhD; Ranjan Duara, MD 


@ Thirty-one patients with probable 
Alzheimer’s disease and 11 patients with 
memory disorders, attributabie to multi- 
ple cerebral infarctions, were studied 
using 18-F-fluo-odeoxyglucose—positron 
emission tomography scans. Asymmetry 
in cerebral glucose metabolism within 
these diagnostic groups was assessed by 
comparison with the metabolic rates 
obtained in age-equivalent healthy con- 
trol subjects. A significantly greater num- 
ber of individuals in both patient groups 
exhibited predeminan: left rather than 
right hemisphere hypometabolism. In 
addition, for pat ents with Alzheimer’s dis- 
ease, the degree of asymmetry was not 
related to either the severity or duration 
of dementia. These findings could be 
explained by grater susceptibility of the 
left hemisphere to degenerative or is- 
chemic brain disease, by a specific sam- 
pling effect. of most likely, by greater 
metabolic defic ts resulting from left rath- 
er than right hemisphere impairment. 

(Arch Neurol 1989;46: 146-152) 


[gteralized krain cysfunetion, com- 
monly seen in ischemie disorders, 


- has recently been reported in Alz- 


heimer’s disease (AD). Studies using 
positron emission tomography (PET) 
have indicated that patients with AD 
evidence gluccse metabolic reductions 
in the temporoparietal cortex and 
exhibit greater metabolic asym- 
metries of homologous brain regions 
than do controls. Investigators using 
neuropsycholegical test batteries 
have also demonstrated differential 
effects of right vs left hemisphere 
involvement. For example, some 





Accepted fer publication July 27, 1988. 

From the Wien Center tor Alzheimer’s Disease 
and Memory Disorders ‘Drs Loewenstein and 
Duara) and the Eaumritter Institute of Nuclear 
Medicine (Drs Yeshii, Kothari, and Duara, and 
Messrs Barker, Chang, and Apicella), Mount 
Sinai Medical Center, Miami Beach; and the 
Departments of Radiolegy (Drs Kothari and 
Duara), Neurology (Drs Levin and Duara), and 
Psychiatry (Dr Loewenstzin), and the Center on 
Aging (Dr Loewenstein), University of Miami 
School of Medicine. 

Presented as an abstrect at the 13th Interna- 
tional Sympesium on Cerebral Blood Flow and 
Metabolism: “Brain 87,” Montreal, June 24, 
1987. 

Reprint requests to Division of Nuclear Medi- 
cine, Mount Sina: Medica! Center, 4300 Alton Rd, 
Miami Beach, FL 33140 (Dr Duara). 


146 Arch Neurol—VYol 46, February 1989 


patients with AD present with pre- 
dominant language disturbance, while 
others evidence primary visuospatial 
dysfunction.** 

Although no consistent directional 
hemispheric preference in cerebral 
metabolic or blood flow abnormalities 
have been explicitly observed," some 
recent neuroimaging studies have 
demonstrated predominant left hemi- 
sphere impairment among patients 
diagnosed with AD and multi-infarct 
dementia.” However, because these 
results have been found in relatively 
small samples of patients, the issue of 
directional preponderance in func- 
tional asymmetry has not been 
emphasized as a feature of dementia. 

At our center, we observed, by non- 
quantitative inspection of PET scans, 
a greater number of patients with 
memory complaints who demon- 
strated predominant left rather than 
right hemisphere hypometabolism. 
Therefore, we studied patients pre- 
senting with probable AD or multiple 
cerebral infarctions, to document 
metabolic abnormalities and direction 
of asymmetries in a more quantitative 
manner than has been previously re- 
ported. The extent to which duration 
of illness and severity of dementia 
were related to degree of asymmetry 
in patients with AD was also exam- 
ined. 


SUBJECTS AND METHODS 
Subjects 


Forty-five controls were recruited by 
media announcements and word of mouth. 
They were screened for systemic cardio- 
vascular, renal, and endocrine disorders by 
physical examination, electrocardiogra- 
phy, chest roentgenograms, and routine 
laboratory screening as previously de- 
scribed.'' No control subject presented 
with memory complaints, scored below 23 
on the Folstein Mini-Mental Status Exam- 
ination, or exhibited evidence of mnestic 
disturbance during the course of a detailed 
neurologic evaluation. Medical disorders, 
including hypertension, were exclusionary 
criteria. Hypertension was defined as a 
blood pressure greater than 170 mm Hg 
systolic and 90 mm Hg diastolic on three 
separate examinations in previously 
undiagnosed subjects, or a history of 
hypertension. Abnormalities in the cortex, 
subcortical areas, or brain stem discovered 
by magnetic resonance (MR) imaging 
resulted in exclusion of subjects from this 


study. However, periventriular T- 
enhanced areas surrounding fonta and 
occipital horns and occurrim linearly 
along the lateral ventricles were censid- 
ered concomitants of normal agng amd did 
not result in the exclusion of sebjects. 
Subjects with memory comp=int= were 
self-referred, brought in by family nem- 
bers in response to public serve ammoun- 
cements on radio and in newspapers, or 
referred by the Wien Center fe Alzmeim- 
er’s Disease and Memory Dssorders at 
Mount Sinai Medical Center, M=mi Beach. 
A total of 42 subjects with menory com- 
plaints underwent the following wsroee- 
dures before acceptance into the stuey: (1) 
a thorough medical and neurolegice=alua- 
tion; (2) complete laberatery ssudies 
including chest roentgenegrams, electro- 
cardiograms, electroencephaloerams, and 
MR scans of the head, to detest the pres- 
ence of medical and neurologiccond*tions; 
and (3) a eognitive-psychiatric sereening 
that included a psychiatric interview and 
administration of the Folsteim Min=Men- 
tal Status Examination,” the Hamilton 
Depression Rating Scale, and she F essed 
Dementia Rating Scale. All subjects were 
given a comprehensive neuropsychowgical 
battery that tapped memory lameuage, 
visuospatial-visuoconstruetive skill, and 
other domains recommendel b> the 
National Institute of Neurogical and, 
Communicative Disorders:and Stroke/Alz- 
heimer’s Disease and Related Disorders 
Association work group. Tes thac were 
required included: the Wecksler Adult 
Intelligence Scale-revised. Wedhsler Mem- 
ory Scale, Benton Visual Ret=ntiow Test, 
Boston Naming Test, FAS Cemerolled 
Word Association Test, Hooper Visual Ori- 
entation Test, and Trail Makir= Tes. Sub- 
jects were classified according to waether 
they were diagnosed with ADeor multiple 
infarctions with cognitive disorder 
(MICD). Patients diagnosed vith AD met 
DSM-III criteria for demenīa and the 
National Institute of Neuredogics] and 
Communicative Disorders andStrole/ Alz- 
heimer’s Disease and Related Disorders 
Association criteria for probamle A." 
The term MICD was chosen_rather than 

multi-infarct dementia, because not all 
patients with this syndrome have frank 
dementia, even though cognitive disorder 
is the principal manifestation. The «istine- 
tion between AD and MICP was made 
primarily by the Hachinski isesemia seore, 
but the MR scan was alsowonssderex in the 
following way: patients who had Hachinski 
scores of 4 or less were classified asthaving 
AD, provided that the oniy ME abnermali- 
ties were cortical atraphy, ven:riculfar dila- 
tation, and signal hyperinteasity in the 
immediate periventricular region. Those 
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measure.” The few studies that report 
test-retest reliabilities for memory 
tasks also showed coefficients under 
0.8. One study of the Wechsler Memo- 
ry Seale components” showed retest 
correlations of 0.74 for logical memo- 
ry, 0.86 for visual reproduction, and 
0.59 for paired associates, when tested 
two weeks apart. For the Rey Verbal 
List Learning Test, alternate forms 
tested approximately two hours apart 
gave reliabilities in the 0.6 to 0.77 
range.” In future work, two memory 
measures that use different formats 
should probably be given and their 
resul=s combined in some fashion in 
order to enhance the reliability of the 
measurement of memory. The com- 
bined use of Grober-Buschke”' picture 
cued-recall task and the DWR task 
has proved to be useful and not exces- 
sively time consuming in our prelimi- 
nary clinical experience. 

The presence of other degenerative 
dementing illnesses in the elderly 
population poses a potential dilemma 
for assessing the sensitivity of tests 
such as the DWR. Some of these dis- 
eases, in particular Pick’s disease“ 
and progressive supranuclear palsy,” 
may have memory impairment by his- 
tory but not by imitial psychometric 
testing. Thus, such patients might 
have test scores in the normal range 
on the DWR test and, hence, appear to 
record false-negative scores according 
to the DWR test. However, the con- 
current use of the MMS and SD exam- 
inations might enable the correct 
classification. Although Pick’s disease 
and progressive supranuclear palsy, 
for example, are much rarer than AD, 
their presence is a confounding factor 
for the use of the DWR test. 

The DWR test was specifically 
designed to be used as a screening 
instrument. Given the low scores that 
even patients with mild dementia 
achieve, it is unlikely to be a useful 
test for longitudinal follow-up or for 
drug studies. For those applications, a 
memory test should have a larger 
range of performance. A cued-recall 
or recognition format might be pref- 
erable to free recall. Furthermore, 
despite the encouraging findings with 
the DWR test, it would be premature 
to use only psychometric tests to 
establish a diagnosis of dementia. 
Rather, we envision the usefulness of 
the DWR test in the context of large- 
scale psychometric screening of elder- 
ly populations, which might then be 
followed by more extensive history 
taking and neurologic evaluations. 
According to our data, the addition of 
the DWR test greatly enhnaced the 
efficiency of the screening psychomet- 
ric battery. Improved efficiency in the 


Arch Neurol—Vol 46, February 1989 


diagnosis of dementia due to AD 
should be of benefit in epidemiologic 
studies. 


Ruth Loewenson, PhD, University of Minneso- 
ta, Minneapolis, reviewed the statistical aspects 
of this report and provided considerable input 
into the final form of the analyses. James Morti- 
mer, PhD, University of Minnesota, also 
reviewed the manuscript and made many helpful 
suggestions. John Witek, MD, St Paul, assisted in 
examination and recruiting of the patients from 
the health maintenance organization. The 
authors would also like to thank the nursing 
personnel at the Aspen Medical Group, St Paul, 
for their assistance in recruiting normal subjects 
and making clinic space available to us for the 
examinations. 
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Tabie 5 —Analyses for Classification of Patients With Alzheimer’s Disease and Normal Subjects by Psychometric Tesis 


True- 
Dementia 


DWR alone (<3 ve =3) 
Discriminant analyses 
with DWR + SD + RCPM 
Developmental sample 
Validation sample 
All subjects 
Discriminant analyses 
with MMS + SD + RCPM 
All subjects 


Classification According to Psychometric Tests 
oOo TF aai 


False- 
Normal 


True- 
Normal 


False- 
Dementia Cerrect 


Classificatinn, 





* DWR indicates ddayed word recall test; SD, Symbol-Digit Modalities; RCPM, Raven's Colored Progressive Matrices; and MMS, Mini-Menta! State. 


In discriminant function analyses, the 
canonical variable indicates group 
membership: if its value is greater 
than zero, the subject is classified as 
normal; otherwise, the subject is clas- 
sified as demented. When this equa- 
tion was applied to the other half of 
the subjects (the “validation” sam- 
ple), the correct classification rate 
was 95.1% (Table 5). 

The discriminant function analysis 
was also repeazed without the DWR 
but with the VMS, in an attempt to 
replicate the firdings of Pfeffer et al.” 
A specificity of 90.9% was obtained, 
although at the expense of a sensitivi- 
ty of only 71.4% (Table 5). The overall 
classification rate of 844% was 
almost identical to that reported by 
Pfeffer et al.” 


COMMENT 
The addition of a verbal elabora- 
tive-encoding, delayed  free-recall 


memory task to a neuropsychological 
battery for AD detection resulted in 
considerable improvement in concor- 
dance between clinical diagnosis and 
psychometric test performance. With- 
out the DWR, the experimental tests 
plus the MMS correctly classified only 
84.4% of subjects, as was previously 
reported,” but the combination of the 
DWR, RCPM, and SD raised the cor- 
rect classificacion rate to 95.2% of 
subjects. Although we did not com- 
pare the performance of the DWR test 
with other memory tests, the results 
of other studies, employing similar 
subject selection criteria to ours, in 
which standard memory tests were 
used,'°? convinced us that there was a 
need for an improved memory test. In 
previous stucies, group differences 
were highly significant when using 
the Wechsler Logical Memory,” a 
closely relatec variant," or the Benton 
Visual Retention Test, but there was 
overlap in scores between normal and 
demented subjects. We found that the 
DWR test was somewhat better in 
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separating demented and normal sub- 
jects than the tests used in the previ- 
ous studies. In addition, the DWR test 
has a number of useful properties for 
use in screening and clinical evalua- 
tion—specifically, guaranteed initial 
encoding of to-be-remembered items, 
the lack of association with education, 
and its brevity. 

The DWR test, by itself, was a very 
efficient measure for discriminating 
between patients with dementia and 
nondemented elderly subjects, mis- 
classifying only one normal subject 
(2%) and three subjects with demen- 
tia (11% ). The patients with dementia 
in the present study were clearly a 
mildly affected group, and the control 
subjects, while quite healthy, were not 
totally free of all medical conditions 
(a number of control subjects had 
hypertension, for instance). While not 
a random sample of the general popu- 
lation, the most stringent test of pre- 
dictive accuracy, the present sample 
constituted a realistic test of the 
discriminative ability of the DWR 
test. 

We attribute the high concordance 
between the DWR test and the clinical 
diagnosis to the inclusion of required 
elaborative encoding for each item 
and the use of a delayed-recall condi- 
tion. By optimizing the encoding pro- 
cess, which ordinarily is susceptible to 
variations in subjects’ strategy, the 
required elaborative encoding enabled 
normal elderly subjects to achieve 
performance levels that better re- 
flected their competence.” Fuld* 
has previously made a similar point, 
and proposed a modification of the 
selective-reminding paradigm. Our 
procedure differed from hers in that a 
larger number of items was used, only 
two learning trials were used, and 
delayed free recall was the mode of 
retrieval. By avoiding the lengthy 
selective reminding procedure, our 
procedure was briefer than that of 
Fuld. 


Because of the mode of elaborative 
encoding used in the DWR test, a 
standardized cued-recall format was 
not possible. The nature of zhe eues 
would have varied considerably across 
subjects if we had formulated taem 
from the subjects’ own sentences. 
Grober and Buschke” claimed that 
cued recall enhanced greup disemmi- 
nations, since some normal subjects 
performed differentially peorly on 
free recall. In their studies, the 
retrieval cues were category names, 
such as “vehicle” for the target word 
“train.” Highly associated werd pairs, 
which probably inelude supenerdi- 
nate-common exemplar pairs, can be 
learned by amnesics,”” however In 
pilot testing, we observed that some 
patients with AD also perfommed 
quite well in the cwed-recail fermat 
when the cue and target were seman- 
tically related. Thus, in developing our 
test, we felt that the use of cwed recall, 
while offering an advantage to nermal 
elderly subjects, might have led to 
some patients with AD being mlas- 
sified as normal. 

A potential confounding factor, 
educational level of subjects, has led 
to criticism of other cognitive mea- 
sures% as screening instruments. As 
performance on compenents @ the 
Wechsler Memory Seale has alse been 
shown to correlate with education,* 
we are gratified to observe ihat DWR 
test performance was not signifzant- 
ly correlated with education. Ar edu- 
cational effect was present for the SD 
and RCPM tests, even though al sub- 
jects had completed eight or more 
years of formal education. 

Although the discriminant validity 
and lack of relationship to age and 
education of the DWR est were 
encouraging, its test-retest-relisbility 
was only fair. The six-month test- 
retest reliability of 0.75 was less than 
the 0.9 level that is considered by 
psychometricians as adequate for a 
test to function as an independent 
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initial evaluation (Table 3). The SD 
examination was highly reliable in 
this context, but the RCPM (which 
comprised only a subset of items from 
the original version*') and the DWR 
examinations were slightly less reli- 
able. 


Differences Between Normal Elderly 
Subjects and Patients With Dementia 


The two diagnostic groups were well 
matched for age and education, and 
there were no significant differences 
between the two groups on either 


measure. For the three experimental 
tests (and the MMS, for comparison), 
there were highly significant group 
differences in mean scores (Table 4). 
Histograms of the score distributions 
are shown in the Figure. The scores of 
the patients with dementia reflect the 
selection criteria, which included only 
patients with MMS scores of 18 or 
higher. For all but the DWR test, 
however, there was substantial over- 
lap between normal subjects and 
patients with AD. Thus, SD and 
RCPM (and MMS) score distributions 


Table 4.—Comparison of Normal Subjects and Patients With Dementia 
on Psychometric Tests 


Patients 

With AD 

(N = 28) 
23.4 (3.3) 
17.9 (11.6) 


Normal 
Subjects * 
(N = 55) 


28.7 (1.9) 
34.9 (10.1) 


Test 
Mini-Menta! State 
Symbol-Digit Modalities 
Raven's Colored Progressive 
Matrices 
Delayed word recall 


4.5 (2.1) 
0.8 (1.0) 


6.2 (1.9) 
6.0 (1.8) 


sij 
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lacked the complete separation be- 
tween groups seen with the DWR test. 
If the DWR test were used alone and a 
cutscore of three or more words 
recalled was used, 54 (98%) of 55 
normal subjects and 25 (89%) of 28 
patients with AD were correctly clas- 
sified. All three misclassified patients 
with AD had MMS scores of 28, indic- 
ative of very mild overall cognitive 
impairment. The classification matrix 
is given in Table 5. 

The data from a randomly selected 
half of the subjects were submitted to 
a discriminant function analysis. 
With the three experimental tests 
included in the function, there was 
100% correct classification of patients 
with AD and 92.9% correct classifica- 
tion of normal subjects. The discrimi- 
nant function equation, derived from 
the “developmental” sample, ex- 
pressed in terms of standardized coef- 
ficients is as follows: 


Canonical Variable = (0.8433) 
DWR + (0.0655) SD + (—0.1553) 
RCPM — 2.6915 


3 4 5 6 7 8 9 


Raven’s Colored Progressive Matrices Scores 
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Symbol-Digit Modalities Test Scores 


4 5 6 7 
No. of Words Recalled 





Histograms depicting distribution of scores of normal subjects (filled bars) and probable/possible patients with 
Alzheimer’s disease (open bars) on psychometric tests as follows: top left, Mini-Mental State (MMS) test; top right, 
Raven’s Colored Progressive Matrices, nine-item subset; bottom left, Symbol-Digit Modalities test; and bottom right, 
delayed word recall test. Note substantial overlap between groups on all tests except the delayed word recall test. 
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HOW TO AVOID 
BIG HEADACHES 
IN YOUR PRACTICE 


For migraine patients who suffer frequent or severe attacks, 
relying on abortive therapy may result in more “headaches” 
than it's worth—especially when prophylaxis is So easy. 


Important advantages over 
abortive therapies 


In a recent survey’ of 4,120 physicians who have tried INDERAL LA 
for common-migraine prophylaxis, 98% of physicians mentioned 
the improved quality of life INDERAL LA effords their patients. 

Most also expressed concern about the shortcomings of abortive 
treatments—lack of sufficient control (90%), side effects (84%), 
and potential for addiction (78%). 


The one to start with to 
prevent common migraine 


In the survey, eight out of ten physicians rated INDERAL LA good 
to excellent in reducing both frequency and severity of migraine 
attacks. And, based on their experience, 91% of these doctors 
now consider INDERAL LA their prophylactic preference in 
migraine. Evaluate it in your patients and see tor yourself. 


ONCE- DAILY LA 
A- È L LONG ACTING 
(PROPRANOLOL HC.) 3s 
60,80,120, 160 mg 
Migraine patients can bbe 
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INDERAL LA for all its indications 
INDERAL® LA should not be used in the presence of 


congestive heart failure, sinus bradycardia, cardiogenic shock, WYE 
heart block greater than first degree, and bronchial asthma AYEF 
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Please see next page for brief summary of prescribing information 








*like the more than one million patients who have taken 
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P _ BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
f INDERAL®” LA brand of propranolo! hydrochloride (Long Acting Capsules) 
k 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. |NDERAL is a nonselective, beta-adrenergic receptor- 
-blocking agent possessing no other autonomic nervous system activity. It specifically com- 
-petes with beta-adrenergic receptor-stimulating agents for available receptor sites. When 
"access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
__ dilator responses to beta-adrenergic stimulation are decreased proportionately 
E ____ INDERALLA Capsules (60, 80, 120, and 160 mg) release propranolol HCI at a controlled and 
` predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
= the ean are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
A _of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
`. propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
A ; geur period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
, Y a y. 
= INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
_ propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
bender a possible need for retitration upwards should be considered especially to main- 
ain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
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-a 
i hy rtension or angina where there is little correlation between plasma levels and clinical 

effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
_ INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 


ay 
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T: 


E ective beta blockade for a 24-hour period. 
F INDICATIONS AND USAGE. Hypertension: |NDERAL LA is indicated in the manage- 


, ii _ ment of hypertension; it may be used alone or used in combination with other antihypertensive 
-~ agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 


hypertensive emergencies. 
Angina Poctorie Due to Atherosclerosis: |NDERAL LA is indicated for the 
long-term chad sth of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache 
-The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
-= established and propranolol is not indicated for such use. 

4 pppertrepbic Subaortic Stenosis: |INDERAL LA is useful in the management of hyper- 

A trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 

= angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 

-effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 

i _ the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
-Clinical improvement may be temporary 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock. 2) sinus 
_ bradycardia and greater than first-degree 
= block; 3) bronchial asthma; 4) congestive heart 
_ failure (see WARNINGS) unless the failure is 
- secondary to a tachyarrhythmia treatable with 

~ INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
_ — thetic stimulation may be a vital component 
& supporting circulatory function in patients with 
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congestive heart failure, and its inhibition by 

beta blockade may precipitate more severe 
= failure. Although beta blockers should be 
__ avoided in overt congestive heart failure, if nec- 
_ essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
g diuretics. Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 


LONG ACTING CAPSULES 


heart muscle. 
A IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
= Can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
pj -Observed closely, or INDERAL should be discontinued (gradually, if possible). 
= 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
iets and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL pope is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL any and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 










= Nonallergic apaan (eg, chronic bronchitis, pao PATIENTS 
- WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced by endogenous and exogenous catecholamine stimulation of beta receptors 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension 
Difficulty in starting and maintaining the heartbeat has also been reported with beta blockers 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with h lycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
‘ses nae a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
= propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 
aired hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies, 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 


be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead toa 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
caicium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. 

Aluminum hydroxide ge! greatly reduces intestinal absorption of propranolol 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chiorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
a 

hyroxine may result in a lower than expected T3 concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels 

Theophylline clearance is reduced when used Petey Mata propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinoger’c potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg’day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to 2e embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been esteblished. 


ADVERSE REACTIONS. Mos! adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 
rdiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion, paresthesia of hands; thrombocytopenic purpura; arterial insufficiercy, usually of the 
Raynaud type. 
entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing tc catatonia; visual 


disturbances; hallucinations; vivid dreams; an 
60 mg 
= 


acute reversible syndrome characterized by 
Respiratory: Bronchospasm. 


disorientation for time and place, short-term 

memory loss, emotional! lability, slightly 

clouded sensorium, and decreased perfor- 

mance on neuropsychomerrics. For immediate 

formulations, fatigue, lethargy, and vivid 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-/mmune: In extremely rare instances, systemic lupus erythematosus has been 
reported 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 

and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 


dreams appear dose related 
Gastrointestinal: Nausea, vomiting, epigas- 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have not 
been associated with propranolol. 


tric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, 
ischemic colitis 
Allergic: Pharyngitis and egranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 
DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolol hydrochloride ina 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
‘be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 ma INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE — ee must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dcsage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not 


obtained within four to six weeks after reaching the maximal dose, INDERAL LA er should 
be discontinued. It may be advisable to withdraw the drug gradually over a period ot several 









weeks. 
HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limted to permit adequate directions for use. 
“The appearance of these capsules is a registered trademark of Ayerst Laboratories. 


Reference: 
1. Data on file, Ayerst Laboratories. 
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are received with the understanding that they are not under 
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News 


American Board of Psychiatry and 
Neurology Inc.—The following individ- 
uals were certified in neurology at the 
examination held in June 1988: 


Albin, Roger L. 
Archer, Robert L. 
Barkley, Gregory L. 
Broderick, Joseph P. 
Bromberg, Mark B. 
Bruno, Askiel 
Canaves-Nunez, Sonia M. 
Chang, Douglas 
Cullen, Michael L. 
Edelman, David L. 
Edwards, Robert H. 
Fotinakes, Peter A. 
Gordon, Wayne H. 
Green, Barbara J. 
Hagenau, Curtis J. 
Harrington, Donna L. 
Hata, Steven K. 
Head, Richard A. 
Herr, George J. 
Hollenbeck, Larry C. 
Hormes, Joseph T. 
Huff, John S. 
Hughes, Richard L. 
Jacobson, Daniel M. 
John, Donald H. 
Jones, Mark C. 

Joy, Juan L. 

Julius, Steven C. 
Kennedy, Thomas E. 
Krefft, Thomas A. 
Kumar, Parveen 
Lagerlund, Terrence D. 
Laws, Michael H. 
Loffer, Raymond J. 
Lussky, Donald H. 
Markovitz, Jonathon Y. 
Martyn, Barbara D. 
Matsumoto, Joseph Y. 
McDonough, Kathleen M. 
Nour, Fred Z. 

Palac, Susan M. 
Pilgreen, Kenneth L. 
Powell, Artiss L. 
Ross, Mark A. 

Sand, John J. 

Sher, Allyn L. 
Sherman, Steven A. 
Shuster, Elizabeth A. 
Siemers, Eric R. 
Smith, Michael C. 
Spitz, Mark C. 
Stanton, Marilyn K. 
Toffol, Gilbert J. 
Trobe, Jonathan D. 
Twyman, Roy E. 
Vasu, Renga I. 
Zuckerman, Steven J. 
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The following individuals were certi- 
fied in neurology with special qualifi- 
cation in child neurology: 


Altman, Denis I. 
Cohen, Warren E. 
Okumure, Sada 
Rust, Robert S. Jr 
Tsao, Chang-Yong 
Yadava, Rita 
Zupanc, Mary L. 


National Institutes of Health Project 
Seeks Doctor Referrals at 15 Centers 


The Optic Neuritis Treatment Trial 
(ONTT), the first multicenter collabo- 
rative clinical trial in neuro-ophthal- 
mology, is being sponsored by the 
National Eye Institute of the National 
Institutes of Health, Bethesda, Md. 
The ONTT also will explore the associ- 
ation between optic neuritis and mul- 
tiple sclerosis. 

Optic neuritis is a common optic 
nerve disorder, usually affecting peo- 
ple 18 through 45 years of age. Return 
of visual function is almost never 
complete. Virtually all patients show 
some signs of optie nerve damage and 
most are symptomatic, with abnor- 
malities in visual acuity, contrast sen- 
sitivity, color vision, the visual field, 
and/or the optic disc. 

Over the next three years, 435 
patients will be entered into the 
study. The ONTT will randomize 
patients to one of the following three 
treatments: orally administered pred- 
nisone, intravenously administered 
methylprednisolone followed by oral- 
ly administered prednisone, and any 
orally administered placebo. 

Prednisone therapy was selected 
because it is the most commonly used 
treatment. Intravenously adminis- 
tered methylprednisolone was chosen 
because recent experience with its use 
in optic neuritis and multiple sclerosis 
has demonstrated promising results. 

Outcome determinations will be 
made during the first month follow- 
ing treatment to essess the rate of 
improvement and at six months to 
assess the degree of residual visual 
dysfunction. Evaluations will include 
contrast sensitivity, perimetry, visual 
acuity, and color vision. A visual field 
reading center at the University of 
California at Davis will provide com- 
puted analysis of visual fields. 

In addition, patients will be fol- 
lowed up to explore the association of 
optic neuritis with multiple sclerosis. 
Neurologic examinations, magnetic 
resonance imaging scans and, at 
times, cerebrospinal ‘uid studies will 
be assessed for their predictive value 


for the development of future episodes 
of central nervous system demyelin- 
ation. 

In order to enter the ONTT, 
patients must have acute unilateral 
optic neuritis with visual symptoms of 
eight days or less and be between 18 
and 45 years of age. 

At each of the elinical centers, 
someone will be available to respond 
to referral calls at all times, including 
nights and weekends. 

Clinical centers are at the following 
locations: W. K. Kellogg Eye Center, 
Ann Arbor, Mich; Johns Hopkins Hos- 
pital, Baltimore; University of Illi- 
nois, Chicago; Duke University, Dur- 
ham, NC (with an affiliate clinic at 
the University of North Carolina, 
Chapel Hill); Michigan State Univer- 
sity, East Lansing; University of Flor- 
ida, Gainesville; Cullen Eye Institute, 
Houston; University of Iowa, Iowa 
City; University of California at San 
Diego; University of Arkansas, Little 
Rock; New York University and New 
York Eye and Ear Infirmary; Wills 
Eye Hospital, Philadelphia; Oregon 
Lions Sight and Hearing Institute, 
Portland; University of Washington, 
Seattle; and Georgetown University, 
Washington, DC. 

For more information, contact Roy 
W. Beck, MD, Optic Neuritis Treat- 
ment Trial, University of South Flori- 
da College of Medicine, 12901 N 30th 
St, Tampa, FL 33612-4799; (813) 974- 
4810. 


News From NINDS 


Changed Application Receipt Dates.— 
The following new deadlines from the 
National Institutes of Health, Bethes- 
da, Md, for grant applications have 
become effective: 

June 1, or Oct 1 
All new research grants (R series) 
Research Career Development Awards 
(KO4 series) 
Clinical Investigator 
Awards (KO8 series) 
All (new, competing continuation, sup- 
plemental, or revised) program pro- 
jects and center grants (P series) 
July 1, or Nov 1 
All competing continuation, supplemen- 
tal, and revised R and K series 
grants 
May 10, or Sept 10 
Institutional and individual National 
Research Service Awards 
Investigator-initiated grant applica- 
tions for activities related to research 
in the acquired immunodeficiency 
syndrome have deadlines of May 1 or 
Sept 1. Late applications will not be 
accepted. 
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With the publication of the first edition in 1977, PRINCIPLES 
OF NEUROLOGY established itself as the premier neurology 
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Aphasia Therapy: More Than Just 
Hancd-noking 


To tke Editor.—Hartman and Lan- 
dau,' in the -une 1987 issue of the 
ARCHIVES concluded that “conven- 
tional” speeca therapy provides no 
mere benefit than supportive counsel- 
ing. Whacis cenventional speech ther- 
apy and sow was it evaluated by the 
authers? Harmman and Landau define 
it as the therapeutic techniques 
stressing language “drills” that were 
publi&hee by Schuell et al over 30 
years age 

While conventional therapy can 
provide æ stractural basis for treat- 
ment. it des not meet specific patient 
needs. Fertuzately in the past 30 
years. sgnificant gains have been 
made in both theory and practice in 
the awea of speech therapy. Given the 
sophisticstiom now available for dif- 
ferential diagnosis of language disor- 
ders asseciated with cerebrovascular 
aceident, speech pathologists need not 
rely enly on canventional therapy but 
have avzilabe to them techniques 
related t specific language deficits.** 
These advaneements in therapeutic 
technique were not acknowledged in 
their stucy. Ia contrast wizh conven- 
tienal therapy the authors used coun- 
seling as a ~herapeutic alternative. 
We belis that counseling is an inte- 
gral par- of any therapy plan; it is 
ineomprenensble that a supportive 
counselime program, as described by 
Hartmar anc Landau, could be pro- 
vided wathovt contributing to the 
enhancement of the communication 
process. 

As conventional therapy was the 
only she-apertic approach used, the 
presence of eft hemispheric insult 
was ‘ne enly -actor used for inclusion 
in thas sady. It should be recognized 
that the =ritenia for entry in a therapy 
program determine the outcome of 
sucha pwogram. Prognostic variables, 
such as age. site of lesion, cause, 
severty ef language deficit, premor- 
bid eductional level, and length and 
intensity of therapy, have been well 
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documented as contributing to the 
successful outcome of speech thera- 
py.: The absence of these criteria for 
inclusion in this study would suggest 
disregard for appropriate determina- 
tion of those patients who demon- 
strate the best potential for recov- 
ery. 

In measuring patient performance, 
it is important not to rely solely on 
single-structure measures, as they 
may not record subtle changes in com- 
munication. The profession has, how- 
ever, documented alternatives for 
assessing functional communication 
change in the aphasic population.’ 
Hartman and Landau measured com- 
munication status using the Porch 
Index of Communicative Ability.” In 
evaluating patient performance, the 
authors reported subtest mean scores 
only, disregarding range-of-response 
information, which is a significant 
factor in determining change in inde- 
pendent communication status. Re- 
peated behavioral responses provide 
greater information about a patient’s 
level of communication and change- 
over time than does a single numeric 
mean. In addition, the Porch Index of 
Communicative Ability provides oth- 
er numeric indicators to measure not 
only change but expectation. These, 
unfortunately, were omitted. 

Today’s highly competitive market 
for health care, increasing cost of 
services, and growing geriatric popu- 
lation require professionals in the 
field of speech pathology to provide 
cost-effective therapy. This is 
achieved through realistic goal set- 
ting, routine evaluation, trial therapy, 
and family support with termination 
in a timely and compassionate fash- 
ion, based on goal achievement and/or 
resistance to change in functional 
communication status. The Speech/ 
Language Pathology Department now 
providing care at Barnes Hospital, St 
Louis, supports the authors’ concern 
for cost-effective treatment. We take 
pride in providing the most current, 
state-of-the-art evaluation and treat- 


ment based on each ind vidual client’s 
functional communicat:on needs with 
appropriate documenta-ion to support 


a cost-effective program. 

KELLI T. EICHARDSON, MS 

ANDREA GLOBOKAR, MS 

DIANA B. >UGH, MA 

MAUREEN M. BUSHMANN, MA 

Irene Waker Rehabilitation 
Institute 

Washingten University 
Medical Center 

509 S Eucid Ave 

St Louis, MO 63110 
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In Reply.—A conjunction of verses 
from the Book of Matthew is pertinent 
to our having stirred our own col- 
leagues to editorial attention: “A 
prophet is not without honor, save in 
his own country, and in his own 
house.” “What is a maa profited if he 
shall gain the whole world, and lose 


Letters to the Editor 249 


his own soul?” We hope now to move 
them from reliance on Truth by 
Authoritative Pronouncement and 
beyond a vocabulary of “gains...in 
both theory and practice,” “advance- 
ments in therapeutic technique,” 
“documented alternatives,’ and 
“state-of-the-art evaluation and 
treatment.” If testimonials and good 
intentions were sufficient measure, 
we would still be treating pneumonia 
by cupping. With an operational 
vocabulary of controls and unpreju- 
diced measurements directed toward 
refereed journals, we hope that they 
will help to design tough-minded 
research protocols that will test their 
own faith. 
WILLIAM M. LANDAU, MD 
JACQUELINE HARTMAN, MA 
Department of Neurology 
and Neurological Surgery 
(Neurology) 
Washington University School 
of Medicine 


660 S Euclid Ave 
St Louis, MO 63110 


Listeria Brain Abscess 
in the Acquired 
Immunodeficiency Syndrome 


To the Editor.—Listeria monocyto- 
genes commonly causes disease in the 
immunocompromised host, yet there 
are strikingly few reports of 
listeriosis in patients with the ac- 
quired immunodeficiency syndrome 
(AIDS).'? Brain abscess due to Lis- 
teria is also extremely rare.’ Recently, 
we took care of a patient in whom 
Listeria brain abscess was the pre- 
senting feature of AIDS. 


Report of a Case.—A 60-year-old right- 
handed man who was previously in good 
health was admitted in April 1987 to the 
Miami Veterans Administration Hospital 
with right hemiparesis and speech difficul- 
ty. Six days prior to admission, he slipped 
in the bathtub and struck the back of his 
head without loss of consciousness. The 
next day, he was unable to write with his 
right hand and, over the ensuing days, his 
right arm and then his right leg became 
progressively weaker. Two days before 
admission, he had difficulty finding 
words. 

The patient smoked three packs of ciga- 
rettes a day for many years. There was no 
history of intravenous drug use, blood 
transfusion, diabetes, homosexuality, 
heart disease, recent weight loss, or alcohol 
abuse. He was married with two children; 
however, two women independently 
claimed to be his wife. 

His general physical examination was 
unremarkable. He was afebrile and in no 
distress, with a blood pressure of 118/80 
mm Hg; pulse, 84 beats per minute; and 
respiratory rate, 16. 

Neurologic examination was remarkable 
for abnormal higher cortical functions 
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(flat affect, inattentiveness, right/left con- 
fusion, poor calculations, lack of concern 
over his deficits, and word-finding difficul- 
ty), right spastic hemiparesis, and hemi- 
anesthesia. 

Laboratory data on admission were nor- 
mal except for a total leukocyte count of 
4.6 X 10°/L, with an absolute lymphocyte 
count of 0.4 X 10°/L (without a left shift or 
an increased neutrophil or monocyte 
count), and a positive serologic test for 
human immunodeficiency virus (HIV) 
antibodies confirmed by Western blot 
analysis. 

A cranial magnetic resonance image 
revealed a mass lesion in the left parietal 
region with surrounding edema extending 
centrally down to the internal capsule. 
Results of a chest roentgenogram and liv- 
er/spleen radionuclide scan were unre- 
markable. 

Dexamethasone (4 mg intravenously 
every six hours) was given to reduce edema 
from a presumed brain tumor. Initial 
improvement in speech and motor function 
was followed two days later by a precipi- 
tous clinical deterioration to complete 
right hemiplegia, global aphasia, and som- 
nolence. Intravenous mannitol was given 
and an emergency computed tomogram of 
the brain showed no change in the lesion. 
High-dose penicillin and chloramphenicol 
therapy was added for coverage of a possi- 
ble brain abscess. 

Four days later, craniotomy revealed a 
2-cm abscess cavity. Intraoperative cul- 
tures of the abscess yielded only L mono- 
cytogenes. On the fifth postoperative day, 
he developed Klebsiella pneumoniae sepsis. 
Pancytopenia, disseminated intravenous 
coagulation, and the adult respiratory dis- 
tress syndrome developed, and he died on 
the 25th postoperative day. 


Comment.—In a recent comprehen- 
sive literature review of brain abscess 
due to L monocytogenes, only 14 defi- 
nite cases were found.’ Of these, four 
had chronic letikemia; three were 
receiving prednisone and azathioprine 
therapy for renal transplantation; one 
patient had rheumatic heart disease, 
alcohol abuse, and diabetes; one had 
cirrhosis; one had ulcerative colitis; 
and four were without underlying ill- 
ness. A vast array of bacterial, viral, 
and fungal agents have been recov- 
ered from the central nervous system 
of patients with AIDS.‘ Only seven 
cases of Listeria infection have been 
reported in AIDS,” four with bacter- 
emia and three with meningitis. The 
relative rarity of Listeria infections in 
the AIDS population has been the 
subject of some published speculation; 
however, the cause remains unex- 
plained.'? 

Known risk factors for HIV infec- 
tion were not clinically obvious in our 
patient. Lymphopenia was the only 
clue to an underlying immunocom- 
promised state on our initial evalua- 
tion. In this case, HIV seropositivity 


should be considered a risk factor in 
the development of a brain ebscess 
due to Listeria infection. This case 
illustrates the importance of main- 
taining a high index of suspicion for 
HIV infection in any patient present- 
ing with central nervous system dis- 
ease. 

JONATHAN OREN Harais, MD 

JOSE MARQUEZ, MD 


Marc A. SWERDLOFF, MD 
Department of Neurelogy 


IGNacio A. MAGANA, MD 

Department of Neuresurgery 

University of Miami School 
of Medicine 

Miami, FL 33101 
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Familial Clusters in Human 
T-Cell Lymphotropic Virus Type 
l-Associated Myelapathy 


To the Editor.—Humar. T-cell lym- 
photropic virus type I (HTLV-I)-asso- 
ciated myelopathy (HAM) is a chronic 
progressive myelopathy characterized 
by high antibody titers to HTLV-I in 
the serum and cerebrospinal fluid 
(CSF), and the presence of adult T-cell 
leukemia/lymphoma (ATLL) cells in 
both the peripheral blood and CSF. 
Nagasaki prefecture, located on the 
Kyushu island of Japan, is one of the 
endemic areas of ATLL. Although 
familial clusters had been reported in 
ATLL, there have been no reports of 
familial clusters of HAM. We here- 
with describe eight patients from four 
families with HAM without histories 
of blood transfusion. 

All eight of the patients who had a 
gait disturbance of slowly progressive 
course are illustrated in the Figure. 
They are from four families. Most of 
the patients (except for patient 6) also 
suffered from urinary problems such 
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Familial clusters of human T-cell lymphotropic virus type | (HTLV-I)-associated myelopathy 
(HA™). Solid circles and squares indicate patients with HAM; solid black centers in circles and 
Squares, anti-HTLY-I antibody seropositive subjects; open centers in circles and squares, 
anti-HTLV-I antibody seronegazive subjects; open circles and squares, not tested; and a slash 


through open circles and squares, deceased. 


as frequency, hesitancy, and reten- 
tiom. Neurologic evaluation revealed 
spastic paraplegia. Deep-tendon re- 
flexes were hyperactive and plantar 
responses were extensor bilaterally. 
Oniy one patient (case 7) had sensory 
disturbance (hypesthesia below the 
theracic 7 level). Analyses of anti- 
HTLV-I antibedy in the serum (all 
cases) and CSF (except for cases 3 and 
5) samples were performed using the 
enzyme-linked immunosorbent assay 
(the Eitest-ATL, Eisai Inz, Tokyo*.) So 
far, the anti-HTLV-I antibodies were 
positive in the serum and CSF sam- 
ples of all patients examined. Adult 
T-cell leukemia/lymphoma cells were 
also observed in the peripheral blood 
specimens of all patients (up to 12%) 
with normal white blood cell counts. 
Farthermore, there were ATLL cells 
without lymphocytosis in the CSF 
specimens of all patients examined. 
Myelography and metr-zamide com- 
puted tomographic scan of the spinal 
cerd did not reveal any abnormal 
findings in all patierts examined 
(eases 1, 2, 4, 6, 7, and 8), although 
these studies were not performed in 
cases 3 and 5. All eight patients were 
diagnosed as having HAM because of 
spastic paraplegia accompanied by 
urinary disturbances, with the exis- 
tence of anti-HTLV-I antibody in the 
serum. In serologic studies of familial 
Casters, the sister of patient 1, daugh- 
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ter and brother of patient 4, and the 
mother of patient 6, were positive for 
antibody to HTLV-I without neuro- 
logic manifestations and hematologic 
abnormalities. 

In this report, we showed that there 
are familial clusters in HAM as well 
as in ATLL. All eight of the patients 
had been raised by breast feeding. 
There is evidence that the milk-borne 
infection plays a crucial role in the 
mother-to-child transmission of 
HTLV-I infection.’ Recently, Yoshida 
et alí reported that the viral genomes 
detected in the patients with HAM 
were indistinguishable from those 
found in the patients with ATLL. Fur- 
thermore, M. Osame, MD (oral com- 
munication, January 1987), indicated 
that the geographic distribution of 
patients with HAM was similar to 
that of patients with ATLL or HTLV- 
I carrier having anti-HTLV-I anti- 
body in Japan. It is currently consid- 
ered that HTLV-I derived from the 
patients with HAM is identical to 
HTLV-I derived from the patients 
with ATLL. This means that the pos- 
sibility of HTLV-I transmission 
through breast milk is likely in 
patients 2 and 6, although an infection 
route in patients 1, 3, 4, 5, 7, and 8 are 
still obscure. At present, the mecha- 
nisms by which HTLV-I infection 
causes myelopathy still remain to be 
clarified. Further study of familial 
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clusters in patients with HAM might 
resolve the meckanism of transmis- 
sion of the virus and subsequent 
development of the disease, which 
may be determined immunologically 
or genetically. 
TATSUFWMI NAKAMURA, MD 
HIDENORI Matsa0, MD 
SUSUMU SHIRABS, MD 
Ikuo KNosHITA MD 
ITSURO Tomita, MD 
AKIRA SATO, MD 
SHIGENDBU NACATAKI, MD 
First Cepartment of Internal 
Medicine 
Nagaseki University School of 
Medicine 
Nagasaki 852, Japan 
MITSUEIRO TsusIHATA, MD 
The School of Medical Technology 
and Nursing 
Nagasaki, Japan 


We would like to =hank Katsutaro Shimaoka, 
MD, of the Radiation Effects Research Founda- 
tion, Nagasaki, Japen, for his careful review of 
the manuscript. 
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Systemic Interferon Alfa in 
Multiple Sclerosis 


To the Editor—We wish to comment 
on the conclusions reached by Pan- 
itch’ in his follow-up study of patients 
treated with subcutaneous interferon 
alfa. Panitch notes that patients 
treated with interf2ron alfa experi- 
enced a reduczion in attack frequency 
from 1.38 per year to 0.47 per year 
over a mean follow-up of four years. 
He concludes that interferon treat- 
ment was associated with “a pro- 
longed beneficial efect.” We do not 
agree. We find nothing surprising in 
the decrease in the relapse rate that 
was observed. The cuthor cites McAl- 
pine and coworkers’ studies*’ that, 
like other retrospeczive studies, inade- 
quately estimate attack frequency. 
The literature’ would support the 
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notion that the observations by Pan- 
itch are entirely consistent with the 
natural history of multiple sclerosis 
(MS). Our studies on 197 patients seen 
from onset of MS show that the fre- 
quency of attacks in relapsing and 
remitting patients declined from 1.80 
per year in the first year to 0.55 per 
year in the second year, with no 
treatment except in a minority who 
received a brief course of steroid ther- 
apy. Patzold and Pocklington,’ who 
prospectively followed up a series of 
102 patients with MS over a mean fol- 
low-up of 3.5 years, clearly showed a 
dramatic decline in relapse rate with 
duration of disease; the relapse rate 
fell from 1.8 per year in the first year 
of disease to 1.0 per year by the fifth 
year in patients from whom data were 
prospectively obtained and to 0.8 per 
year in retrospectively ascertained 
data. The variability in the reported 
attack rate in patients with MS* makes 
a very wide range of historical control 
data available. This variability results 
from several factors including study 
design (prospective vs retrospective), 
patient population (remitting vs pro- 
gressive), patient ascertainment (com- 
munity based vs tertiary referral), 
definition of attack, and correction for 
duration of MS. 

Furthermore, we cannot agree that 
the observed deterioration of one 
point on the extended disability status 
scale of Kurtkze is unexpectedly 
favorable. As most patients were in a 
relapsing and remitting phase of their 
illness during which fixed disability 
does not generally accumulate, a 
mean change of one point on the dis- 
ability status scale has limited signif- 
icance. Also, some patients developed 
chronically progressive MS that may 
be the most important identifiable 
factor associated with a poor progno- 
sis.’ These observations underscore 


252 Arch Neurol—Vol 46, March 1989 


the difficulties inherent in using his- 
torical controls and the importance of 
awareness of the natural history of 


untreated MS. 
BRIAN G. WEINSHENKER, MD, FRCP(C) 
GEORGE C. EBERS, MD, FRCP(C) 
Dpartment of Clinical Neurological Sciences 
Division of Neurology 
University Hospital 
PO Box 5339 
Postal Station A 
London, Ontario, Canada N6A 5A5 
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In Reply.—Weinshenker and Ebers 
correctly point out that the relapse 
rate in multiple sclerosis declines 
with time, and that historical controls 
in clinical trials should be regarded 
with suspicion. The rapid decline in 
relapse rate in their prospective 
study! from 1.80 in the first year of 
illness to 0.55 in the second is impres- 
sive; however, comparison with the 
group of patients we treated with 
systemic interferon alfa is not entire- 
ly appropriate. 

My report of long-term patient fol- 
low-up’ was published to compare sys- 


temic with intrathecal interferon 
treatment, as the latter had been 
reported to produce a long lasting 
clinical effect by Jacobs et al.’ Our 
patients were specifically selected for 
their high relapse rate, and were not 
typical of the more heterogeneous 
group described by Weinshenker and 
Ebers. They had multiple sclerosis for 
three to 15 years (mean, 7.5 years), 
and their exacerbation rate was still 
1.33 per year for the two-year period 
preceding treatment.’ In fact, their 
annual rates were 1.42 in the year 
immediately before treatment and 
1.25 in the preceding year, indicating 
that they had stabilized at a high 
relapse rate. Thus, it seems reason- 
able to conclude that interferon treat- 
ment in these selected patients led to 
a long-term relapse rate lower than 
expected. 

When dealing with a condition as 
complex as multiple sclerosis, at- 
tempts at oversimplification often 
lead only to misunderstanding. I do 
not take issue with the findings of 
Weinshenker and Ebers, or with their 
conclusions about the overall natural 
history of multiple selerosis, but only 
with their generalization from their 
own data to an experimental setting 
in which it may not apply. 

HILLEL S. PanitcH, MD 
Department of Neurology 
University of Maryland 


22 S Greene St 
Baltimore, MD 21201 
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CANADA MAY 25-26-27, 1989 


(Immediately preceding the 


IR Canadian Orthopaedic Association meeting.) 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
(ORTHO/NEURO 700) (Separate Hands-On Sessions) 
(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference.) 
An Interdisciplinary Symposium/Workshop for Orthopaedic Surgeons and Neurosurgeons 
sponsored by the 


MIDAS REX® INSTITUTE 
Course Directors: Jane Mitchell, Ph.D. and Susan Mitchell, Ed.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: (Neurosurgeons and Orthopaedic CREDITS: C.M.E. credit available. 
Surgeons in separate workshops.) The Midas 
Rex Hands-On Workshop will be held each day 
from 7:30 a.m. to 1:30 p.m. The workshops will 
emphasize a series of structured exercises, 
utilizing appropriate animal bones, skeletal 
bones, bioplastics and biometals. 
ORTHOPAEDIC SURGEONS—dissection in 
small bones, large bones, spines, joint 
replacement, revision surgery, methylmetha- 
crylate, polyethylene, and biometals, in- 
cluding broken stem extraction. 
NEUROSURGEONS—dissection skills for 
bonework of the cranium and spine, including 
attention to bioplastics and biometals. ap- 


ACCOMMODATIONS: Park Plaza Hotel, 4 
Avenue Road, Toronto, Ontario, Canada M5R 
2E8. Phone: 416-924-5471. 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Resident $585.00 (with letter from Department 
Head); All Operating Room Personnel (RN/ORT/ 
PA/Other) $250.00. Make check to “Toronto Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, Texas 76111. Phone: 


plicable to neurosurgery. 


Join the more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,600 Orthopaedic Surgeons; 1,450 Neurosurgeons; 2,000 OR Personnel) 


RESEARCH SCIENTISTS 


The Rotman Research Institute of 
Baycrest Centre, associated with the 
Department of Psychology and Faculty 
of Medicine of the University of Toron- 
to, invites applications for four 
Research Scientist positions. The suc- 
cessful candidate will be a Ph.D. or 
M.D. (or equivalent) with expertise in 
neurobehavioral research, particularly 
memory and frontal lobe functions. 
Research goals will be broad based, 
with a focus on aging and dementia. 


Please send C.V. to: 
Dr. Donald T. Stuss 
Director of Research 
Rotman Research Institute 
Baycrest Centre for Geriatric Care 
3560 Bathurst Street 
Toronto, Ontario 
M6A 2E1 


In accordance with Canadian Immigration reg- 
ulations, priority will be given to Canadian 
Citizens and permanent residents of Canada. 


PGY-2 OR PGY-3 
NEUROLOGY RESIDENCY 
POSITION AVAILABLE 


Due to an unexpected vacancy, 
there will be a PGY-2 position 
available immediately or a PGY-3 
position available July 1, 1989 at 
Kaiser Permanente Medical Center, 
Los Angeles. Intensive training in 
adult and child clinical neurology, 
neuroradiology,  electrodiagnostic 
techniques, psychiatry and neuro- 
pathology. Applicants must have a 
California license by July 1, 1989. 
For further information please 
write: Kaiser Permanente Medical 
Center, c/o Sheldon Wolf, M.D., 
Neurology Residency Training Pro- 
gram Director, 1526 North Edge- 
mont Street, 7th Floor, Los Ange- 
les, California 90027. 


800-433-7639 or 817-831-2604. 


NEUROLOGIST 


Our practice is seeking 
a subspeciality trained 
board certified or board 
eligible adult neurologist. 
The practice is basically a 
private practice in a univer- 
sity hospital setting. We 
are most interested in an 
individual with EMG/neu- 
romuscular training and 
expertise but other spe- 
cialty areas would be con- 
sidered. Our hospital has a 
full range of diagnostic 
capabilities including MRI, 
PET and neuroradiology. 


Interested applicants 
should forward a curricu- 
lum vitae to: 


William A. Paulsen, M.D. 

1928 Alcoa Highway, 
Suite 126 

Knoxville, TN 37920 
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Chronic Myelopathies Associated With 
Human T-Lymphotropic Virus Type I 


A CEnieal, Serologic, and Immunovirologic 
Study œ Ten Patients in France 


Olivier Gout, MD: Antoine Gessain, MD; Francis Bolgert, MD; Fortuna Saal, MD; 
Elisabet Tournier-Lasserve. MD; Jacqueline Lasneret, MD; Christiane Caudie, MD; 
Paseal Brune MD: Gay De-Thé, MD, PhD; François Lhermitte, MD; Olivier Lyon-Caen, MD 


© Cheenic nyelopathy associated with 
human 74ymphotrapie virus type | (HTLV- 
I) has bean describec in HTLV-I endemic 
areas. Pars, 167 neurologic patients 
were screened for MTLV-l by enzyme- 
linked immurmsorbent, indirect immuno- 
fluorescent, end Western blot assays. Ten 
of the 1 paients with positive results 
had a œronọ spastic paraparesis with 
igG oligecion«l bands and elevated HTLV- 
| antibody incex. Two of them had been 
born and we living in France, without 
HTLy-| sk actors. Evoked potentials 
were abeormal in the nine tested patients 
and braim magnetic resonance images in 
*hree of seve patients. No improvement 
was observee with steroid treatment. A 
setrevires similar toHTLV-I was isolated in 
five cases a different periods of the 
disease. Hypetheses of limited endemic 
areas in western countries are discussed. 
Early presence andpersistence of HTLV-I 
sugeest thal ï is the etiologic agent. 

(åsch ®eare! 1989;46:255-260) 
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Retroviral infection appears to be 
involved in numerous neurologic 
disorders. Human immunodeficiency 
virus has been associated with demen- 
tia, acute encephalitis, meningitis, 
vacuolar myelopathy, and peripheral 
neuropathy.: Recently another retro- 
virus, the human T-lymphotropic 
virus type I (HTLV-I), which is con- 
sidered to be the causative agent of 
adult T-cell leukemia (ATL) has been 
associated with chronic myelopathy.** 
A link between HTLV-I and multiple 
sclerosis (MS) has been suggested‘ but 
not confirmed.*'® The association 
between HTLV-I and chronic myelop- 
athy was first described in Marti- 
nique, where 68% of serum samples 
from patients with tropical spastic 
paraparesis (TSP) exhibit HTLV-I 
antibodies.?"'"2, Soon afterward, re- 
ports from other tropical areas, where 
both HTLV-I and TSP were endemic, 
confirmed this relationship.’ In 
southern Japan, a similar myelopathy 
was then described and called HTLV- 
I-associated myelopathy (HAM). 
Both TSP associated with HTLV-I 
(TSP/HTLV-I) and HAM are clinical- 
ly characterized by a gradual onset in 
adulthood, a chronic and slowly pro- 
gressive course without remissions 
and attacks, predominantly pyrami- 
dal tract involvement with sphincter 
disturbances, no or mild sensory loss, 
absence of spinal cord abnormalities 
as shown by spinal imagery, and the 
presence of HTLY-I antibodies in 
serum and cerebrospinal fluid (CSF). 
To evaluate the magnitude of this 
disease in an “a priori” nonendemic 
area such as France, we screened 
patients with chronic myelopathies of 
unknown origin during an 18-month 
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survey in the Salpétrière Hospital in 
Paris. Patients with spastic parapare- 
sis and specific HTLV-I antibodies in 
both serum and CSF were then care- 
fully investigated. 


PATIENTS AND METHODS 
Patients 


A total of 167 >atients underwent sero- 
logic testing. Thirty-seven had chronic 
myelopathy of unknown or uncertain ori- 
gin (possibly MS); of these, 20 were male 
and 17 were female; eight were from the 
French West Indies (FWI), two from the 
Ivory Coast, one from Senegal, and the 
others from France; mean age, 48.8 years. 
Fourteen patients had amyotrophic lateral 
sclerosis, 14 had definise MS (two were 
from FWI), 38 hed Creutzfeldt-Jakob dis- 
ease, and 64 had other neurologic diseases 
(dementia, facial palsy, parkinsonism, 
acute stroke, cerebral tumor, polyneuritis, 
Guillain-Barré syndrome, and neurofibro- 
matosis). 


HTLV-I Antibocy Assay 


Antibodies directed against HTLV-I 
antigens were detected first by enzyme- 
linked immunosorbent assay (ELISA) and 
confirmed by indirect inmmunofluorescence 
(IIF) assay and Western blot (WB) assay. 
The ELISA test was performed with a 
commercial kit (Dupcnt ELISA kit, 
Dupont de Nemeurs Inz, Boston), using 
HTLV-I disrupted viriors from the HUT 
102 line as antigens.” Serial twofold dilu- 
tions of the serum and CSF samples were 
used for titratior of HTLV-I antibodies. 
The IIF assay used HTLV-I antigens as 
produced by the HUT 102 cell line” with 
serum diluted 1:50 or CSF 1:10. For WB 
confirmation, we used a kit (Dupont WB 
kit), with serum diluted 1-200 and CSF 1:20. 
This latter test detected antibodies to the 
gag major encoded HTLV-I proteins p19, 


p24, their precursor pē3, and the env 


encoded glycoprotein gp46, but also p26, 
p28, p32, and p36 prote.ns. Serum from 
eight patients with ATL from the FWI and 
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Ivory Coast were used as HTLV-I-positive 
controls. The HTLV-I ELISA test was used 
for all 167 patients and 19 relatives with 
TSP/HTLV-I. The IIF and WB assays were 
used only in borderline or positive ELISA 
samples. Furthermore, all the samples 
were screened for antibodies against 
human immunodeficiency virus type I 
antigens by the ELISA for HIV1 (ELAV- 
IA) test (Diagnostic Pasteur, Marnes la 
Coquette, France), the positive serum sam- 
ples being confirmed by WB assay. 


HTLV-I Culture and Isolation 


Peripheral-blood mononuclear cells of 
six patients with chronic myelopathy and 
HTLV-I antibodies were isolated by stan- 
dard procedures and cultured as previously 
described in RPMI medium with 10% 
interleukin 2.% The HTLV-I antigens were 
detected in cultured peripheral-blood 
mononuclear cells by an IIF test using 
human polyclonal (serum and CSF from 
patients with TSP and serum from 
patients with ATL) and mouse monoclonal 
anti-p19, p24 (Dupont) HTLV-I antibodies. 
Positive control cells included HUT 102 
and MT2 bearing HTLV-I. Uninfected T- 
lymphoid cell lines served as negative con- 
trols. The detection of HTLV-I antigens 
was done every two weeks for three 
months. Cultures were considered infected 
by HTLV-I if they contained positive cells 
both with polyclonal positive-reference 
serum and with p19 and p24 monoclonal 
antibodies, but not with negative-reference 
serum. Electron microscopy studies were 
performed on fixed cells according to stan- 
dard procedures at 15 days and two months 
of culture. 


Intrathecal Synthesis of Total and 
Virus-Specific IgG 


Two indicators of intrathecal IgG pro- 
duction in CSF were used: the IgG index% 
and the intra-blood-brain barrier IgG syn- 
thesis rate (milligrams per day).” The 
detection of CSF IgG oligoclonal band pat- 
tern was performed as previously de- 
scribed.» Furthermore, to estimate the 
intrathecal synthesis of HTLV-I-specific 








antibodies, we used the antibody to albu- 
min index.” 


Magnetic Resonance (MR) Imaging and 
Neurophysiologic Studies 


Brain MR imaging was performed with a 
1500-gauss resistive magniscan Thomson- 
CGR (Compagnie Générale de Radiologie) 
with weighted T, and T, sequences (spin- 
echo, 350-ms repetition time/30-ms echo 
time with joint multislice sagittal planes; 
T, 1800-ms repetition time/80- to 160-ms 
echo time with joint multislice frontal 
planes). Neurophysiologic investigations 
consisted of visual evoked potentials 
(whole, half, and central fields by pattern- 
reversal method), brain-stem auditory 
evoked potentials, somatosensory evoked 
potentials of upper and lower limbs, nerve 
conduction velocities, and urodynamic 
studies. 


RESULTS 


Only two patients, intravenous drug 
addicts with subacute encephalitis, 
had human immunodeficiency virus 
type I antibodies, but 11 patients 
exhibited HTLV-I antibodies in their 
serum (Table 1). One was a 64-year- 
old woman from Martinique who pre- 





sented with a recent acute ischemic 
stroke. The remaining ten had chronic 
spastic paraparesis (Table 2). There 
were eight women and two men. All 
except one were black; five were -rom 
the FWI (Martinique and Guade- 
loupe), two from French Guyana, one 
from Senegal, and one from France 
(patient 7). The last patient was a 
white French woman (patient 8). No 
familial neurologic disorders were 
found. Mean age at onset was 45.7 
years (range, 30 to 59 years), and 
mean duration of illness was five 
years (range, one to 12 years). 
Patients belonged to a range of socio- 
economic statuses. Black patients (pa- 
tients 2, 4, 9, and 10) born in the FWI 
had lived in metropolitan areas Zor a 
mean period of 19 years but often 
traveled to the FWI. The other black 
patients lived in the FWI and in Sene- 
gal but came frequently to metropoli- 
tan France. Nineteen relatives of 
patients (patients 2, 3, 4, 7, ard 8) 
were tested for HTLV-I antibcdies, 
and only the husband of patient § was 
found to be positive (Table 1). None of 


Table 1.—HTLV-I and HIV-1 Serologic Studies in Neurologic Patients and in Control Group* 


Clinical 
Diagnosis N 
Chronic myelopathy 37 


No. Positive for 
HTLV-I Antibodies 


No. Positive for 
HIV-1 Antibodies 


10 (0) 
Amyotrophic lateral 
sclerosis 14 0 0 
Definite MS 14 (0) 0 
C 


reutzfeldt-Jakob 


disease 38 (0) (0) 
4 1 2 


Other neurologic 
diseases 6 


Relatives of 
patients with 
TSP/HTLV-I 












*MS indicates multiple sclerosis; TSP, tropical spastic paraparesis; ATL, adult T-cell leukemia; HTLV-I, 


human T-lymphotropic virus type |; and HIV-1, human immunodeficiency virus type 1. 


Table 2.—Clinical Features of Ten Patients With Chronic Spastic Paraparesis Associated Wtih HTLV-I* 


Duration of 


Patient/Sex/ 
Age, y 


Geographic 


Origin lliness, y 


3/F /44 


Duration of Progression, a 


Sensory 


Bladder 
y Spasticity Handicapt Disturbance Dysfunction 
1 


Other MR 
Features Imaging 


EP 
1/M/60 Martinique 1 + 2 + + Optic atrophy ND ND 
2/F /51 Martinique 12 6 + 2 - + Recurrent conjunctivitis Abn N 
6 2 + 1 + + bn N 


Martinique 





Ulnar neuropathy, A 
transient pulmonary 


Cerebellar ataxia, 
tinnitus 





* HTLV-I indicates human T-lymphotropic virus type |; EP, evoked potential; MR, magnetic resonance; ND, not done; Abn, abnormal; N, normal: plus sign, present; and 


minus sign, absent. 


t1 indicates ability to walk; 2, ability to walk with two sticks; and 3, bedridden. 
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the ten patients had clinical or bio- 
logic signs of malnutrition or im- 
munodepression. Only patient 3 
had reeeived a transfusion, three 
years before emergence of a bilateral 


ulnar neuropathy and a transient pul- 
monary infiltrate and seven years 
before the onset of her spastic para- 
paresis. 

Symptoms began more than three 


years before patients came for exami- 
nation (except for patients 1 and 7). In 
seven patients, the first symptom was 


fatigue or weakness involving one leg, 3 


and in the three others it was an 


increase in urinary frequency. Back 
pain and paresthesias were described 
by patient 5, and ataxia was observed 
in patients 1 and 10. There was no 
obvious triggering factor. In all 
instances symptoms appeared insidi- 
ously. Progression of disease was 
highly variable. In two cases (patients 
1 and 7) progression was subacute; the 
patients were severely disabled in less 
than one year. In other cases, it was a 
chronic disease; progression was slow 
and in two cases (patients 2 and 4) a 












rt clinically stable state, despite severe 
handicap, was maintained during the 
six- and four-year follow-up. During 
| the course of the disease, five patients 
ee described new symptoms: burning 
Ha aa legs and pins and needles in legs and 
á; A hands. After a mean period of five 
Ps years (range, one to 12 years), six — 
O54 patients were able to walk only afew — 
ata, | meters with two sticks; three others — 
walked without help, and one patient 
was becridden. All of these patients 
had a spastic paraparesis with bilat- 
eral Babinski’s sign and brisk reflexes À 
in the upper limbs. Muscular weak- — 
> ness was found only in the legs, pre- _ 
dominantly in the proximal hip mus- 
cles. There was no evidence of muscu- 
lar atrophy. Five patients (patients 3 _ 
and 6 through 9) also complained of — 
paresthesias in the legs. Patient 1 had — 
mild vibratory sensation loss. All had | 
bladder dysfunction (increased uri- — 
nary frequency, mecontinence, or 
retention). Others signs included optic 
Fig 1.—Atypical lymphocyte with marked nuclear irregularities and convolutions. Such adult atrophy in patient 1 and cerebellar 
T-cell leukemia-like ceils were present, in small numbers, in peripheral blood of patients 1, 2, 4, ataxia in patient 10. Three patients (2, 
8, and 10 @x 19000). 4, and 8) comp-ained of recurrent “red | 
Table 3.— Serologic and Immunologic Data in Ten Patients With Chronic Spastic Paraparesis Associated With 4TLV-I* 
HTLV-I Antizodies | 
1h! Sa Oo Lee ae | 
ELISA Titers 
—_—_—_——_———. HTLV-I Antibody IBBB IgG Synthesis, IgG OB, 
Patient lF/WB Serun CSF Indext mg/d IgG Index§ No. of Patients CSF WBCs X 108/L 
i +/+ 1:10 240 1:320 7.7 54.5 1.5 2 30.4 
4 +/+ 1:2569 1:40 5.2 15.3 1.4 3 3.6 
7 +/+ 1:5120 1:160 4.8 35.1 1.3 2 36 
| 
g +/+ 1:10 %40 1:160 5.6 19.9 1.5 2 0.2 4 
10 +/+ 1:10 240 1:160 6 17.1 1.4 4 11 a 
“HTLV-I mdicates human T-lymphotropic virus type |; IIF, indirect immunofluorescence; WB, Western blot; ELISA, enzyme-linked immusosorbent assay; CSF, i 
cerebrospinal fluid; IBBB, intra-blood-brain barrier; OB, oligoclonal bands; and WBCs, white blood cells. ‘A 
Cutoff valuevof 2. | 
Upper normal reference in our laboratory, 3.5 mg/d. 
{Upper nemmal reference in our laboratory, 0.70. 
Arch Neurci—Vol 46, March 1989 Myelopathies and HTLV-I—Gout et al 257 — 
k. i . iiau ai a 


ie 


TV SMES PSOE EL 


T 


EEE a Era 


=| 


"F. ear — 


p 


ie 


m ra ele ot wv" 


ee 


S 
h, 
A 


al a hha aaa a G a aia i ae h 


Sala a] i ‘tiie ™ 3 => 


eyes,” and two patients (7 and 10) had 
tinnitus. 


Laboratory Studies 


Serologic and immunologic findings 
are summarized in Table 3. The 
HTLV-I antibody index was elevated 
in all ten patients. In seven patients, 
CSF contained mild pleocytosis 
(range, 10 to 30 X 10° white blood cells 
per liter), mostly lymphocytes. Ele- 
vated intra-blood-brain barrier IgG 
synthesis (>3.5 mg/d) and high IgG 
index (>0.70) were present in eight 
patients of the ten tested, and CSF 
IgG oligoclonal bands were found in 
eight of ten patients. Abnormal (ATL- 
like [Fig 1]) cells were detected in the 
peripheral blood of five patients (pa- 
tients 1, 2, 4, 8, and 10) and in the CSF 
of patient 2. Treponemal antibodies 
were demonstrated by fluorescent 
antibody absorption test only in the 
serum of patient 1 and never in CSF. 
Cultures were positive by IIF assay 
for the presence of HTLV-I-specific 
antigens in peripheral-blood cells of 
patients 2, 4, 7, 8, and 10 and in the 
CSF of patient 4. Numerous C-type 
retroviral particles similar to HTLV-I 
were seen in the extracellular space of 
cultured cells from patients 2, 4, and 7 
(Fig 2) and in the CSF of patient 4 
(Desgrange et al, unpublished data, 
1988). In patient 10, rare particles 
were seen. T-lymphoid cell lines pro- 
ducing an HTLV-I-like retrovirus 
were established for patients 2, 4, and 
7 (A.G., unpublished data, 1988). Viral 
isolation from peripheral-blood cells 
was successfully undertaken in pa- 
tients 2 and 4 both at presentation 
and six and nine months later, respec- 
tively. 

MR Imaging and Neurophysiologic 

Studies 

Brain MR images obtained in seven 
patients showed high-signal lesions in 
the white matter of patients 4, 8, and 
10, predominantly in the periventricu- 
lar area, in T, sequences (Table 2). 
Patient 4 had two MR images of the 
brain showing no new lesions at a 
three-year interval. Evoked potentials 
were abnormal in eight of nine 
patients (Tables 2 and 4): visual 
evoked potentials in four (patients 4, 
6, 8, and 10), brain-stem auditory 
evoked potentials in five (patients 5 
through 9), and somatosensory evoked 
potentials in seven (patients 2, 3, 5, 6, 
8, 9, and 10). Nerve conduction veloci- 
ties studied in three patients (2, 6, and 
9) were normal. Urodynamic studies 
of patients 2, 4, 8, 9, and 10 showed a 
spastic disinhibited bladder with an 
increased or normal bladder function- 


al capacity. 
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pic virus type | were 
seen in extracellular spaces of cultured peripheral lymphocytes of patient with tropical spastic 
paraparesis (patient 2). Bar indicates 200 nm (X35 000). 








Effect of Corticosteroid Therapy 


All except patients 1 and 6 received 
corticosteroids either before or after 
the diagnosis of chronic myelopathy 
associated with HTLV-I was made. 
Patients received either daily intra- 
muscular cosyntropin (1 mg) or intra- 
venous methylprednisolone sodium 
succinate (120 mg) for ten days, fol- 
lowed in each case by tapering doses 
of oral corticosteroids during two 
months. There was no improvement in 
symptoms and no modification of the 
progression of the disease. In three 
cases (patients 4, 7, and 10), HTLV-I 
antibody titers were followed up, 
without any significant variation. In 
patient 4, virus was isolated before 
and after therapy. Two patients (pa- 
tients 2 and 4) received acyclovir (30 


mg/kg/d intravenously for ten days), 
without any clinical or biologic im- 
provement. 


COMMENT 


This study underlines the frequency 
of chronic myelopathy associated with 
HTLV-I in patients born in areas 
endemic for the virus. In fact, among 
37 patients with chronic spinal disor- 
ders of unknown cause, ten had 
HTLV-I antibodies, eight of them 
were born in endemic areas and two 
spent their entire lives in metropoli- 
tan France. The seven patients from 
the FWI are epidemiologically similar 
to the West Indian-born United King- 
dom residents with TSP/HTLV-I 
recently described by Newton et al” 
and to the Jamaican and Haitian 
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Table 4 —=voked Potentials in Nine Patients With Chronic Spastic Paraparesis Associated 


With HTLV-|* 





Letency 
Patient (P100) 


2 
Right Delayed 


Left Delayed 


Right Deayed 


Delayed 
7 
B8 
Delayed 


L Delay 


Amplitude 
(P100) 


oer 

UL LL 

Right N N N Abn N 
Left N N N Abn N 
Right N N Abn N N 
Left N N Abn N N 
Increased N N N 
Increased 


N N N 
5 
Right N N Abn Abn Abn 
Left N N Abn Abn Abn 
6 
Increased n Abn Abn 
Increased 


Left Abn Abn Abn 
Right N N N N Abn 
Left N N N N Abn 
Right Increased N Abn Abn 
Increased 


eft ed N Abn Abn 
g 
Right N N N Abn Abn 
Left W N N Abn Abn 
1 
Right Delayed Increased Abn Abn N 
Left Delayed Increased Abn Abn N 


SEP 


BAEP 


Ab 


* YEP indieats visual evokad potentials; SEP, somatosensory evoked potentials; BAEP, brain-stem auditory 
evoked potentials; UL, uoper limb; LL, lower limb; N, normal conduction in central nervous system; Abn, 
abnerma! comdueltion in central nervous system; and HTLV-I, human T-lymphotropic virus type |. 


patients seen in the Unized States.” 
Patient 6 was a black man from Sene- 
gal, Afriea is probably the most 
important zontinent fcr HTLV-I 
infection, but the epidemiologic 
aspects of HTLV-I-associated dis- 
eases. especially neurologic disorders, 
are still unknown. To our knowledge, 
only two eases of HTLV-I in African 
patients have been reported, one from 
the Ivory Cozst™ and one in a patient 
from Ethiopa who resided in Swe- 
den.’ An engoing collaborative study 
in Abidjan (F. Giordano, unpublished 
data, 1988) =evealed two additional 
cases. Our last two cases, from metro- 
politan Franse, raise the question of 
HTLY-I infeetion in a nonendemic 
area. Patient 7 was a black woman 
borm in Paris; her parents, born in 
Guadeloupe, =migrated tc Paris in 
1925.and never returned to the Carib- 
bean. She might have been -nfected by 
her mother, bat her four brothers and 
four sisters were negative for HTLV-I 
antibodies. She had never traveled to 
an endemic srea. Her husband was 
Italian and iad died before being 
tested. Patiert 8 was a 59-year-old 
white woman who never left France, 
but her husband, born in France, had 


Arch Neurol—V>l 46, March 1989 


positive findings. They had no appar- 
ent risk factors for HTLV-I infection: 
no history of transfusion, drug abuse, 
travel, or sexual experience in an 
endemic area. A similar case of 
HTLV-I spastic paraparesis in a white 
Italian woman without known risks 
for HTLV-I was recently reported.” 
Furthermore, a few cases of HTLV- 
I/ATL have been described in white 
patients living outside known endemic 
areas, including Great Britain,” 
France,” and the United States.” 
These two aboriginal cases may sup- 
port the idea of a limited endemic 
area in France, as has already been 
described in southern Italy.** These 
data emphasize the necessity of epide- 
miologic studies not only in areas 
where tropical neuromyelopathies are 
frequent but also in western countries 
where limited endemic areas for 
HTLV-I may exist. 

In all cases, pyramidal involvement 
was the predominant clinical feature. 
However, other parts of the central 
nervous system were affected, as was 
noticed clinically in four patients and 
suggested by evoked potential and MR 
imaging studies in the six others. 


These findings, together with IgG oli- 


OFT Pa eS ENSET 


goclonal bands in CSF, might suggest — 
the diagnosis of a caronic progressive © 
spinal form of MS. 3rain MR imaging ~ 
abnormalities are not conclusive in — 
patients with TSP because they are © 


very similar to the high-signal area 


described in MS.” Tue presence of low — 
antibody titers cress-reacting with — 
HTLV-I antigens has been found in — 
some patients with MS,‘ but this find- — 


ing has not been zonfirmed in MS 
populations screened in other parts of 
the world.“ It appears that the low 
serum and CSF reactivity with 


HTLV-I is no different from the reac- 


tivity of samples from patients with 
other inflammatory neurologic dis- 
eases. Moreover, recropsy findings 
are highly different. In TSP, adhesive 


arachnoiditis and lesions of vasculitis — 


involving predominantly the spinal 


cord but also the white matter of the 
cerebrum, cerebellum, and pons have — 
been described.” This vasculitis with - 
perivascular lymphoeytes suggests an © 


immunologic process perhaps initi- 






ated by HTLV-I. A f2w patients have ~ 
been described in whom transient — 
immunologic abnormalities, such as — 


gammopathy, lymphocytic alveolitis, 


or Sjögren syndrome, have occurred © 
either before or after the onset of — 


TSP.» Moreover, 


three of our > 


patients with TSP had recurrent “red — 


eyes,” suggesting an immunoallergic | 


conjunctivitis. However, an attempt © 
to detect viral antigers in a conjuncti- — 
val sample by IIF was unsuccessful. In — 


patients with HAM, even if the dis- 


ease seems to be clin cally limited to — 


the spinal cord, extra-CNS manifesta- 


tions, including alveo itis* and Vogt- — 
Koyanagi-Harada disease,” have been : 
reported. A “dramatie or good” clini- — 
cal response to corticcsteroid therapy — 
was observed in 37 of 65 patients with ~ 


HAM from Japan,” associated with a 
decrease of antibody levels against 


HTLV-I in four patierts.” We did not © 


observe such a resporse in our eight 
patients. Moreover, during the pro- 
gression of the disease, antibody lev- 
els remained stable. 


From the present study, it appears | 


that the virus is present in peripheral- 
blood cells from the onset of the dis- 
ease and persists for a ong time (from 


one month to 12 years). These results, — 


associated with the intrathecal anti- 
HTLV-I-specific IgG synthesis,””* 
support the view that HTLV-I is the 
etiologic agent of TSP/HTLV-I. Simi- 
lar data have been found in patients 
with HAM,” suggesting that TSP/ 
HTLV-I and HAM could be the same 
disease. Furthermore, preliminary 
characterization of the HTLY-I-like 
retrovirus isolated from TSP** (A.G., 


Myelopathies and HTLV-I—Gout et al 259 


s j 
hg Pi a pe aE | 





S 





m t e ¥ 


= 


unpublished data, 1988) and from 
HAM” (I. Miyoshi, unpublished data, 
1988) suggests that the retrovirus 
associated with chronic myelopathy 
could be related or similar to the virus 
associated with ATL. | 

Persistent viral infection seems to 
be most probable in TSP/HTLV-I; it 
should be possible that ongoing repli- 
cation maintains the immunologic 
process. Thus, antiviral therapy using 
one of the two drugs (zidovudine and 
2’ ,3’-dideoxycytidine [also known as 
dd Cyd]) that have been described to 
inhibit in vitro infectivity of HTLV-I” 
is merited. 
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Human Immunodeficiency Virus Type 1 Antigen 
in Cerebrospinal Fluid 


Correlazion With Clinical Neurologic Status 


Peter Portegies, MD; Leon G. Epstein, MD; Steven Tjong A. Hung; 


Jan de Gans, MD; Jaap Goudsmit, MD 


® Humen immunodeficiency virus type- 
7 IV-1) antigen was assayed in paired 
serum/cerebospinel fluid (CSF) speci- 
men from 85 adults and 58 children with 
acquired immunodeficiency syndrome 
and was cemepared with clinical neurolog- 
ical status. A quantitative comparison of 
HIv-4 antiger levels in matched serum 
and CSF specimens indicated that HIV-1 
aniisen expression in these compart- 
ments is independent and is correlated 
wit acquired immunodefciency syn- 
dreme demertia complex in adults and 
pregressive encephalopathy in children. 
in a loneitwdinal study ‘n= 47), 16 
patients tested positive for HIV-1 antigen 
in the CSF before (n = 2) or coincident 
ín = 14) with neurological deterioration. 
Six patients who tested positive for HIV-1 
antigen in the CSF remained neurological- 
ly marma! for a median duration of follow- 
up of 11 monrchs. Six of 25 patients who 
tested negative for HIV-1 antigen in the 
CSF. subseqwently showed neurological 
deterioration. These data indicate that 
HIV-7 antigen 2xpression in the CSF is not 
useful in pred cting neurological deterio- 
ration. 
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The acquired immunodeficiency syn- 

drome (AIDS) is caused by the 
retroviruses designated human im- 
munodeficiency viruses (HIV). > An 
HIV type 1 (HIV-1) infection in both 
children and adults is frequently 
accompanied by neurologic dysfunc- 
tion.*° Growing evidence suggests that 
the progressive encephalopathy (PE) 
seen in children with HIV-1 infection 
and the AIDS dementia complex 
(ADC) in adults are both due to direct 
brain infection with this retrovirus.** 
Infection of the brain by HIV-1 has 
now been demonstrated by Southern 
blot analysis, in situ hybridization 
and immunohistochemical studies,*’ 
HIV-1 virion detection by electron 
microscopy,” and direct culture of 
HIV-1 from brain and cerebrospinal 
fluid (CSF) of demented patients.'!” 
The intra-blood-brain barrier (IBBB) 
synthesis of antibodies to HIV-1 and 
the presence of HIV-1l-specific anti- 
gen in the CSF of children and adults 
with HIV-1 infection have been 
described.*'*'’ The IBBB synthesis of 
HIV-1 antibodies occurs in asymp- 
tomatic and neurologically normal 
subjects.'*'© While IBBB synthesis of 
HIV-1 antibodies indirectly indicates 
the presence of viral antigen, it may 
not correlate with viral replication. 
The presence of HIV-1 antigen in the 
CSF is strongly correlated with PE in 
children with AIDS" and has only 
been asssessed in a small number of 
adults with dementia. In neurological- 
ly normal HIV-1-infected adults, 
HIV-1 antigen is rarely detected.'*’’ In 


the present study, CSF HIV-1 antigen 
was assayed in large cohorts of adults 
and children with HIV-1 infection and 
compared with clinical neurologic sta- 
tus. In a smaller subgroup of this 
cohort, longitudinal CSF specimens 
were available to assess the prognos- 
tic significance of CSF HIV-1 antigen 
detection. 


SUBJECTS AND METHODS 


Cerebrospinal fluid-serum pairs were 
collected from 35 adult patients with 
symptomatic HIV-1 infection (Centers for 
Disease Control Atlanta] class IV). They 
were admitted to the Academic Medical — 
Center, University of Amsterdam, between _ 
October 1982 and January 1988. All 
patients were examined by a neurologist — 
(J. deG., P.P.) because of neurologic com- 
plaints. The patients were divided into two 
groups: those who were demented and 
those who were not demented, as deter- 
mined by a detailed bedside mental status 
examination. The diagnosis of dementia in 
these patients was based on the criteria of 
the Diagnostic and Statistical Manual of — 


Mental Disorders ed 3.” Abnormalities in 
and/or — 


cognition, motor performance, 
behavior were present in all demented 
patients, fulfilling the diagnostic criteria 
of ADC.” Opporzenistic infections and cen- 
tral nervous system tumors were excluded 
by computed tomographic scan and CSF 
examination. One CSF sample was avail- 
able from 58 pat.ents. Two or more CSF 
samples were available from 27 patients 
with at least three months in between. In 
this group, the median duration of follow- 
up was 11 months. The HIV-1 antigen was 
assayed in CSF samples of 36 asymptemat- 
ic, HIV-1-seropositive subjects as well. 
The 58 children were all followed up as 
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_part of the Children’s Hospital AIDS Pro- 


_ gram in Newark, NJ, and they were exam- 


får 
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_ ined neurologically by one of us (L.G.E.). 


This cohort of children was classified into 


two categories: (1) PE and (2) normal or 


static encephalopathy, as previously 
defined.*'* The population of children in 


= whom HIV-1 infection occurs frequently 
= may have a static encephalopathy for a 


g 
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number of reasons unrelated to HIV-1 


= infection, including poor prenatal care, 
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intrauterine exposure to other infectious 
agents and drugs, and the effects of prema- 
ture birth. One CSF sample was available 
from 38 children. Two or more CSF sam- 


_ ples were available from 20 children, the 


time interval between two samples being 
at least three months. These children were 


included in the longitudinal study. The 


- median duration of follow-up was nine 
= months. None of the adults or pediatric 


- 
pa 


subjects were receiving antiviral medica- 


-tion at the time specimens were obtained. 


HIV-1 ANTIGEN DETECTION 
Cerebrospinal fluid and serum sam- 


_ ples were assayed for HIV-1 antigen 


in a solid-phase immunoassay (Ab- 


ee 
x 


bott Laboratories, North Chicago, Ill) 


_ as previously described.” This assay 


detects primarily the p,, viral core 


| _ antigen. Briefly, 200 „L of sample was 


‘= 


} 
"* 


incubated overnight at room tempera- 


_ ture with a bead coated with human 


antibody to human T-cell lymphotrop- 


_ ie virus type III, strain of HIV-1. The 


beads were washed with distilled 


E: water; rabbit IgG antibody to human 


T-cell lymphotropic virus type III, 


= was added and incubated for four 


hours at 40°C. The beads were washed 


= as before and then incubated for two 


» 
’ 


hours at 40°C with horseradish perox- 


_ idase-conjugated goat antibody to 
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_ rabbit IgG. After a final wash, the 


beads were transferred to tubes and 
_O-phenylenediamine was added. After 
30 minutes at room temperature in 


_ the dark, 1 mL of 1N sulfuric acid was 
_ added to each tube. The optical densi- 
_ ty at A490 was read by using a spec- 


~ 
. 


_trophotometer (Quantum Dual Wave- 
length spectrophotometer, Abbott 
Laboratories, North Chicago, Ill). A 
standard curve of optical densities 


= was established with an HIV-1 anti- 
; gen-positive serum previously stan- 


dardized against known quantities of 


_ p24 antigen. Quantities above a cutoff 
value of 35 pg/mL were considered 
positive. 


$ RESULTS 


Transsectional Study of 85 Adults 
and 58 Children 


Cerebrospinal fluid-serum pairs 
were assayed for HIV-1 antigen and 
compared quantitatively to assess 
whether leakage occurs across the 
blood-brain barrier. Twenty adult 
patients had HIV-1 antigen in the 
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Patient/Age, y 





ZiZIO/O/V/O|/Z\z 


Z\|o9 
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14/30 
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17/44 
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20/36 


tD indicates demented; N, not demented. 


Table 1.—HIV-1 Antigen in Serum and CSF of 20 Adults * 





9/62 0 68 
10/41 Ad 78 


12/29 > 1000 809 
13/36 324 > 1000 


15/36 73 102 
16/24 0 884 


18/42 0 326 
19/30 529 237 





HIV-1 Antigen, pe/mLt 


LLL, 
Serum CSF 
138 


43 























o 165 





181 49 





96 943 





135 107 









*HIV-1 indicates human immunodeficiency virus type 1; CSF, cerebrospinal fluid. 


Values less than 25 pg/mL are below the cutoff value for this assay and are indicated as 0. 


14/4 y, 9 mo PE 





Table 2.—HIV-1 Antigen in Serum and CSF in 21 Children* 


Clinical a  , 

Patient/Age Diagnosist Serum CSF 
1/1 y, 8 mo PE 324 998 
2/3 mo N > 1000 96 
4/1y, 1 mo PE 59 58 
5/3 mo PE 733 170 
7/10 y PE 148 538 
8/1 y, 7 mo PE 368 592 
9/2 y, 6 mo PE 206 33 
10/2 y, 2 mo PE >2000 508 
11/5 y, 2 mo PE 461 25 
12/1 y, 6 mo PE 0 > 1000 
13/6 y N 154 70 


15/2 mo PE 343 > 1000 


16/2 y PE >2000 >1000 
17/5 mo PE >1000 178 
18/9 mo PE (0) 36 
19/4 y, 4 mo PE >2000 48 
20/1 y, 4 mo PE (0) >1000 


21/2 y, 6 mo PE 0 854 


HIV-1 Antigen, pg/mL 





1798 


A 
-m 
oO 












*HIV-1 indicates human immunodeficiency virus type 1; CSF, cerebrospinal fluid. 


TPE indicates progressive encephalopathy; N, normal. 


Values less than 25 pg/mL are below the cutoff value for this assay and are indicated as 0. 


CSF. Of these 20, nine had CSF HIV-1 
antigen levels exceeding those of 
homologous serum, and in five 
patients HIV-1 antigen was detected 
in CSF but not in the homologous 
serum (Table 1). Twenty-one children 
had HIV-1 antigen in the CSF. Of 
these 21, four had HIV-1 antigen lev- 


els in the CSF that exceeded those of 
the homologous serum, and an addi- 
tional four had HIV-1 antigen in the 
CSF only (Table 2). Fifzy subjects 
(adults and children) had HIV-1 anti- 
gen in serum but not in CSF (Table 3); 
in 23 of these individuals, the ser 

HIV-1 antigen levels exceeded 200 pg/ 
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Table =.—HIV-7 Antigen in Serum 
Compered With HIV-1 Antigen in CSF 
in 143 Patients With HIV-1 Infection * 


CSF HIV-1 Antigent 
a n O 
Present Not Present 





“HIV-1 indicates human immunodeficiency virus 
tyg= 1; CSF,cerebrospinal fluid. 
-Cutoff vaiue is 25 pg mL. 


m_ (data net shewn). These data indi- 
cace that H V-1 expressicn is indepen- 
dent in serum and CSF. 

-n the greup of 85 adult patients, 24 
were classified as having ADC as 
described sy Navia et al” The 
remaining €l patients were neurologi- 
caly norm:zl. In the ADC group, 12 
pacients tested pesitive for HIV-1 
an-igen in ~he CSF and 12 patients 
tested nega-ive for HIV-1 antigen in 
the CSF. In the group of 61 neurologi- 
caly normal patients, 53 patients 
tested negative for HIV antigen in the 
CSF, while «ight patients tested posi- 
tive for HIW-1 antigen in the CSF. 
Usmg Fisher’s Exact Test, a highly 
significant <ssociation was observed 
between the presence of CSF HIV-1 
antigen and dementia (Table 4). In the 
eohort of 35 asymptomatic, HIV-1- 
serepositive adult subjects, only two 
tesxed positeve for HIV-1 antigen in 
theeCSF (da-a not shown). 

Ia the group of 5& children, 27 were 
classified as havmg PE and 31 chil- 
drea were dmgnosed as having static 
encephalopa hy or being normal. In 
the PE group, 19 children tested posi- 
tive for HIV- antigen in the CSF and 
eight children tested negative. In the 
static encepbalopathy-normal group, 
29 children tested negative for HIV-1 
antēen in tae CSF, and two tested 
poszive for FIV-1 antigen in the CSF. 
A highly significant association was 
found between the presence of HIV-1 
antizen in the CSF and PE using 
Fisher’s Exact Test (Table 4). 


Lorsitudina! Study of 27 Adults and 20 
Childrem With HIY-1 Infection 


Lengitudimal CSF specimens from 
27 adult patients with AIDS were 
assaved for MEV-1 antigen. Seven sub- 
jects persistextly showed HIV antigen 
in the CSF; si of these patients were 
demented. Pie patients transiently 
showed HIV- antigen in the CSF 
(three were @mented and two were 
net eemented after eight months of 
follow-up). Ome subject showed a con- 
version from negative to positive for 
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Table 4.—HIV-1 Antigen in CSF Compared With Neurologic Status in Patients With AIDS * 


85 adultst 
Demented 


Normal 
Total 


58 children 
Progressive encephalopathy 


Normal or static encephalopathy 
Total 


*HIV-1 indicates human immunodeficiency virus type 1; CSF, cerebrospinal fluid; and AIDS, acquired 


immunodeficiency syndrome. 


tFisher's Exact Test: P < .001. Positive test: predictive value, 60%; likelihood ratio, 3,8. Negative test: 


Present 


CSF HIV-1 Antigen 


Not Present 


12 12 





predictive value, 82%; likelihood ratio, 0,58. Prevalence, 28%. 


Fisher's Exact Test: P < .0001. Positive test: predictive value, 90%; likelihood ratio, 10,91. Negative test: 


predictive value, 78%; likelihood ratio, 0,32. Prevalence, 47%. 


HIV-1 antigen in the CSF. The 
remaining 14 patients persistently 
tested negative for HIV-1 antigen in 
the CSF (11 were not demented, three 
were demented). 

Longitudinal CSF specimens were 
available from 20 children. Four 
patients persistently tested positive 
(all classified as having PE); one 
patient tested positive transiently and 
four patients converted from negative 
to positive for HIV-1 antigen in the 
CSF (all patients were classified as 
having PE). Eleven children persis- 
tently tested negative for HIV-1 anti- 
gen in the CSF (eight of them 
remained neurologically normal, 
three deteriorated neurologically). 

Both in adults and in children, most 
of the patients with HIV-1 antigen in 
the CSF tested positive immediately 
before or coincident with neurologic 
deterioration. Six adults tested posi- 
tive for HIV-1 antigen in the CSF but 
remained neurologically normal (me- 
dian duration of follow-up, 11 
months). Nineteen patients (11 adults, 
eight children) who persistently 
tested negative for HIV-1 antigen in 
the CSF remained neurologically nor- 
mal, while six (three adults, three 
children) deteriorated neurologically. 


COMMENT 


In the present study, a quantitative 
comparison of HIV-1 antigen levels in 
matched serum and CSF specimens 
indicated that HIV-1 antigen expres- 
sion in these compartments is inde- 
pendent. Greater quantities of HIV-1 
antigen were frequently detected in 
the CSF as compared with homolo- 
gous serum, a finding not likely to be 
due to leakage of HIV-1 antigen 
across the blood-brain barrier. These 
data are interpreted with some cau- 
tion, however, in that HIV-1 antigen 
is more likely to be bound in immune 


complexes in serum than in CSF. It 
remains most likely, however, that the 


excess of unbound HIV-1 antigen in — 


the CSF reflects HIV-1 expression due 
to brain infection. 

A highly significant association was 
demonstrated between the detection 
of HIV-1 antigen in the CSF and 
dementia in adults and PE in chil- 
dren. These cata implicate HIV-1 


expression in the pathogenesis of — 


these conditions. 


According to the present study and ~ 


other studies.'* it is important to 
emphasize that HIV-1 antigen is rare- 


ly found in the CSF of HIV-1-infected _ 


individuals who were neurologically 
normal. McArthur et al” found HIV-1 


antigen in the CSF of only 8% of | 


subjects with neuropsychiatric abnor- 
malities identified by screening from 


a large cohort. The subjects in the © 
present study were diagnosed as hav- — 


ing dementia by stringent clinical cri- 


teria, which would explain the higher — 


incidence (50%) of HIV-1 antigen 


detection. The conclusion that can be © 
drawn by interpreting these studies © 


together is that HIV-1 antigen 
expression in the CSF correlates well 


with the degree of clinically apparent — 


neurologic dysfunction. 


The longitudinal data show that the © 
presence of HIV-1 antigen in the CSF 
often accompanies neurologic deterio- — 
ration, but only occasionally is HIV-1 — 
antigen detectable before neurologic — 
deterioration. In a small number of — 
patients, CSF HIV-1 antigen appeared © 


transiently. Some of these individuals 


became demented but some remained 


normal for a median duration of fol- 
low-up of 11 months. These findings 
taken together suggest that the pres- 
ence of HIV-1 antigen in the CSF may 


not be a reliable early marker to pre- 


dict the occurrence of neurologic dete- 
rioration. In the clinical assessment of 
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patients with AIDS with neurologic 


= signs and symptoms, it may be of 
_ value in establishing the diagnosis of 
= ADC and PE. It has been observed, 


however, that other central nervous 
system complications.due to opportu- 


nistic or reactivated latent infections 
or lymphoma may occur coincident 
= with HIV-1l-associated ADC or PE. 
These other conditions can be ex- 
cluded in most cases with neuroradio- 
logic studies. 


Cerebrospinal fluid HIV-1 antigen 
expression may provide some insights 


-concerning the pathogenesis of HIV-1 


brain infection: HIV-1 probably 


_ invades the brain early and frequent- 
ly.) A peak of HIV-1 antigen can 
_ be detected in the CSF soon after 
= primary infection, and virus can be 
isolated at this time.” 


Human 
immunodeficiency virus type 1 may 
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then persist in a latent or restricted 
state, which corresponds well with the 
long interval from initial infection to 
the onset of neurologic dysfunc- 
tion.”** It has been hypothesized that 
as a result of an increasing degree of 
immunosuppression, viral replication 
is reactivated in the brain and HIV-1 
antigen again becomes detectable in 
the CSF®5*425 This reactivation of 
viral expression may be episodic, as is 
seen in other lentiviral infections.'***° 
This episodic reactivation of viral 
expression and the production of viral 
antigens are probably accompanied by 
detectable HIV-1 antigen levels in the 
CSF. The cyclic presence of HIV-1 
antigen in the CSF would correspond 
well with our CSF data and might 
explain why some demented patients 
test negative for HIV-1 antigen, while 
others transiently test positive for 
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antiviral therapies. 
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Neurologic Involvement in Behcet’s Syndrome 


A Prospective Study 


Piraye Serdaroğlu, MD; Hasan Yazici, MD; Coşkun Ozdemir, MD; 
Sebahat-in Yurdakul, MD; Sara Bahar, MD; Edip Aktin, MD 


è We investigated the prevalence and 
type o neurologic involvement in 
Behcet's syndrome in a prospective pro- 
tocol. O 323 consecutive patients with 
Behest’s syndrome seen during a 12- 
month pericd. 46 underwent neurologic 
evaluation because of headaches and/or 
neurologic symptoms and signs. Only 17 
(5.3%) were ‘cund to have involvement of 
the nerveus system. Hemispferic lesions 
were as Common as brain-stem involve- 
ment. Headaches were of no clinical 
importance unless-accompanied by other 
neurologi findings. Computed tomo- 
graphic scans were of little diagnostic 
help. After 12 — 4 (SD) montts of follow- 
up, only teree patients showed worsening 
of their neurologic findings. 

(Arch Meuroi 1989;46:265-269) 


N eamologie imvelvement is well de- 
seribed in Behcet’s syndrome 
(BS), wita prevalence rates of 10% to 
49% .* Seme of this variance is due to 
the type ef subspecialty practice from 
which diferent reports originate. All 
of the scudies thus far Lave been 
retrospec-ive. 
We investigated the prevalence, 
loealizatien, and short-term prognosis 
of neurolegie mvolvement in BS in a 
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prospective protocol. Special empha- 
sis was given to the significance of the 
presence of headache and the com- 
puted tomographic (CT) scan find- 
ings. 


PATIENTS AND METHODS 


The BS outpatient clinic at the Cerrah- 
paşa Medical Faculty in Istanbul, Turkey, 
has had an interest in BS for the last ten 
years.” Six hundred fifty-four patients 
have been registered at this clinic since 
1977. This report concerns the 323 consecu- 
tive patients who were seen between 
December 1984 and November 1985. Two 
hundred sixty of these patients came for 
revisits, while 63 were new. All patients 
fulfilled all of the sets of criteria thus far 
proposed for the diagnosis of BS.” They 
were referred to the Department of Neu- 
rology at the Istanbul Medical Faculty if 
they had headache (information volun- 
teered by the patient) and/or had neuro- 
logic symptoms and signs elucidated by the 
rheumatologists at the BS clinic. On refer- 
ral, a careful history was taken and the 
physical examination was done by the 
same neurologist. Regardless of the neuro- 
logic symptoms and findings, every patient 
was offered a CT scan (ND 8000 scanner, 
Thomson-CGR, Istanbul, Turkey) and a 
spinal tap, and the investigational nature 
of the study was explained. The CT scan 
was performed with and without contrast 
material in each patient. After these were 
completed, the patients and their physical 
and laboratory findings were evaluated in 
a joint session of rheumatologists and neu- 
rologists. Cerebral angiography was also 
done as indicated. 

At the end of the evaluation, the patients 
were grouped according to the symptoms 
and signs for which they were referred to 
the neurology clinic. The characteristics of 
these groups were then evaluated. 

Seven months after the completion of 
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the referral period, all patients were called 
back for reevaluazion. 


RESULTS 


Of the 323 patients seen during the 
study period (204 men and 119 women; 
mean age, 34.38+ 7.2 years), 46 
patients were referred for neurologic 
evaluation. Thirty of these were male 
(mean age, 32.6 + 7.4 years) and 16 
were female (mean age, 34.2 + 7.9 
years). Twenty-six (15 male and 11 


female) were referred because they 4 


had complained of headaches only 
(group 1; patients 1 through 26). 

Seventeen (eight male and nine 
female) of the 26 patients in group 1 
turned out to have migrainous head- 
ache, while five (four male and one 
female) had what we considered mus- 
cle tension headaches." The remain- 
ing four patients (three male and one 
female) had continuous frontal head- 
aches. This last type of headache, des- 
ignated as unclassified, lasted several 
days or weeks. 

The onset of headache in group 1 
was before the onset of BS (before the 
patient historically fulfilled O’Duffy’s 
criteria! for the diagnosis) in 14 and 
after the onset of the syndrome in 
seven patients. The remaining five 
patients had the headache with the 
onset of BS. The results of neurologic 
examination of all the patients in 
group 1 were normal, thus confirming 
the results of initial physical exami- 
nation by the rheumatologists. Seven- 
teen patients in group 1 hac CT scans. 
All were within normal limits. Only 
six of the 26 consented to a spinal tap. 
The cerebrospina. fluid (CSF) find- 
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ings were normal in all. We did not 
have an apparent explanation for the 
low CSF glucose level observed in 
patient 1. 

Fourteen of the referred patients 
had headaches (information volun- 
teered by the patient or history 
obtained by the physician) plus addi- 
tional neurologic symptoms or signs, 
such as nausea, paresthesias, weak- 
ness, etc (group 2a; patients 27 
through 40). The remaining six 
patients were referred because they 


had neurologic symptoms or signs 


other than headache (group 2b; 
patients 41 through 46). The mean 
onset of neurologic problems in group 
2 as a whole was 2.6 + 5.0 years after 
the patient historically fulfilled 
O’Duffy’s criteria” for diagnosis. 

The presenting symptoms and signs 
of the patients in addition to headache 
in group 2a are given in Table 1. One 
patient in this group (patient 29) was 
not included in the tables and in the 
evaluation of group 2a because her 
epileptic seizures started eight years 
before the onset of BS. Two other 
patients in the same group (patients 
32 and 38) with urinary symptoms, 
not accompanied by any neurologic 
signs, were treated likewise. In two 
other patients in this group, the head- 
ache was associated with fever, nau- 
sea, and vomiting. Both had meninge- 
al irritation signs and abnormal CSF 


findings (patients 27 and 30) (Table 2). 


Patient 30 had abnormal CSF findings 
(Table 2) when headaches were no 
longer present. All of the 14 patients 
in group 2a had CT scans. Two of these 
scans were abnormal. Patient 31 dem- 
onstrated infarction at the left inter- 
nal capsule, and patient 28 showed 
mild frontal cortical atrophy and 
bilateral centrum semiovale hypoden- 
sity. Two patients in this group had 
definite bilateral papilledema (pa- 
tients 34 and 36). Although they had 
no neurologic complaints other than 
headache, one of these patients (pa- 
tient 36) also had mild left hemipare- 
sis. The CT scans were normal in both 
of them, while the CSF findings were 
limited to raised intracranial pressure 
(Table 2). These two patients also 
underwent cerebral angiography. 
Both of them had superior sagittal 
sinus occlusion (Table 1). 

In patient 34, clinical signs 
regressed and CSF pressure dropped 
with corticosteroid therapy; however, 
the course of papilledema could not be 
evaluated because of the developing 
retinal vasculitis. Patient 36, who pre- 
sented when he was recovering from 
his headaches due to intracranial 
pressure, continued his antiaggregant 
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Patient/Age, CSF 
y/Sex History and Neurologic Manifestation at Referral Findingst 

27/27/F H, fever, and vomiting, accompanied by meningeal irritation signs A 

28/40/F 1 episode of right and 2 episodes of left HP in 2 y, 1st of which occurred 1 A 
y after onset of BS; NE showed spastic triparesis 

30/20/M Frequent episodes of severe H and vomiting starting 2 y after onset of 8S; A 
NE showed meningeal irritation signs and hyperactive DTRs 

31/33/M Acute onset of H and right HP 1 y after onset of BS and regressing over 1 N 
mo 

33/25/M Acute onset of H and right HP 8 mo after onset of BS, with complete A 
recovery; 3 mo later, episode of ataxia with gradual recovery; NE showed 
pyremidocerebellar signs 

34/33/M Intracranial hypertension (with papilledema) and left HP 9 mo after onset of A 
BS 

35/28/M Daily brief episodes of right-sided numbness and tingling starting 12 y after N 
onset of BS; NE showed minimal right HP with appropriate upper motor 
neuron signs 

36/23/M Intracranial hypertension (with papilledema) 5 y after onset of BS A 

37 /25/F Episodes of right-sided weakness; NE showed bilateral upper motor neuron Not done 
signs 

39/36/M Numbness of left lower extremity 17 y after onset of BS: NE shewed Not done 
hypalgesia of left lower extremity with diffuse hypoactive DTRs 

40/23/M H and brain-stem syndrome 1 mo after onset of BS and regressing over 1 A 


mo; 4 mo later, episode of left homonymous hemianopia; NE showed 
upper motor neuron, including pseudobulbar and cerebellar, signs 


* Patients 29, 32, and 38 are excluded. CSF indicates cerebrospinal fluid; H, headache; A, abnormal; CT, 
computed tomography; N, normal; HP, hemiparesis; BS, Behcet's syndrome; NE, neurologic examination; and 


DTRs, deep tendon reflexes. 
tDetails are given in Table 4. 


+Numbers in parentheses are numbers of months between the first and last visits. 


therapy with aspirin and dipyrida- 
mole, which he had been taking for 
peripheral vein thrombosis. He had no 
neurologic symptoms or signs at his 
last visit, nine months after his refer- 
ral. 

The clinical findings of the six 
patients in group 2b are given in Table 
3. All had CT scans. Although each 
had clear-cut neurologic findings, 
only one (patient 46, who had dilated 
ventricles) had an abnormal CT scan. 
Of the three patients who had spinal 
taps (patients 41 through 43), two had 
abnormal CSF findings (Table 2). 
Patient 43, who presented with brain- 
stem involvement, had carotid and 
vertebral angiograms that showed no 
abnormalities. 

Tables 1 and 3 also show the esti- 
mated localization of the symptoms 
and signs in group 2. Two of 17 
patients had cerebral hemispheric 
lesions (patients 28 and 33). Both of 
these lesions were also verified by CT 
scans as hypodense areas. Four of the 
patients (patients 25, 41, 43, and 44) 
had brain-stem localization as judged 
clinically. All had normal CT scans. 
Two patients had meningeal syn- 


drome (patients 27 and 30); one had 
spinal cord involvement (patient 45), 
one had peripheral nerve involvement 
(patient 29), and two had superior 
sagittal sinus occlusion (patients 34 
and 36). The site of the lesion in the 
remaining four patients (patients 35, 
37, 42, and 46) ceuld not be dis- 
cerned. 

Seven months after the completion 
of the study period, letters were sent 
to each of the 46 patients who had 
initially been referred to the neurolo- 
gy clinic, calling them back for reeva- 
luation. Thirty-seven of the patients 
reported in person. One patient (pa- 
tient 46), living in another city, 
reported by letter that he could not 
come because of his inability to walk. 
He had been able to walk at his first 
visit 17 months earlier. 

Five of the eight patients who did 
not return had had headaches only 
(group 1). Two ef the remaining 
patients (patients 32 and 38) had had 
urinary urgency, and the third patient 
(patient 39) had had hypalgesia of the 
lower legs and depressed deep tendon 
reflexes. The mean follow-up time for 
the 38 patients who returned for re- 
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Table 1.—Profiles of Patients in Group 2a* 


W 


Neuroraciotogic Findings 
‘CT: N 


‘CT: mild frontal cortieal atrophy; 
bilateral ceatrum semiovale 
hypodensity. 

CT: N 


Meninges 


Meninges 


Estimated Localization 


Cerebral hemispheres 





. Status at 
Neurologic Course Treatment Lasz Visitt 
No further attacks None N (12) 
H and increase in left HP Corticosteroids Same as at 1st visit (15) 
Episode of left HP Corticosteroids; Left HF; bilateral upper motor 


recovering in 20 d; 
episode of urinary 
incontinence recovering 
in 10 d; left HP gradually 
regressing 


pulsed doses of 
cyclophosphamide 


neuren signs 


CT: hypedensiiy at left internal Cerebral hemispheres Episode of behavioral Corticosteroids; Behavicral changes and bilateral 
Capsule changes and paranoid pulsed doses of upper motor neuron signs 
psychotic state cyclophosphamide predcminantly on right (13) 
CT: N Possible brain stem Episode of ataxia Azathioprine Same as at Ist visit 
accompanied by brief 
attacks of numbness of 
right lower extremity 
CT: N: angiography: superior Superior sagittal sinus, No further attacks Corticosteroids No more H; papřledema could not 
sagittal sinus occlusion cerebral hemispheres be evaluated because of newly 
developed retinal vasculitis (9) 
CT: N ? No further attacks Azathioprine; Bilateral upper motor neuron 
antiaggregant signs (12.5) 
CT: Ni angiography: supericr Superior sagittal sinus No further attacks Antiaggregant N 
sagittal sinus occlusion 
CT: N ? No further attacks Antiaggregant Same as at 1st visit (16) 
CT: N Peripheral nerve (7) Unknown No treatment Unknown 


CT: N 








Disseminated 


Table 2.—Cerebrospinal Fluid Findings in 19 Patients * 


Cells/mm 
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2 120 3 2 0.42 2.4 4.8 
3 130 0 0 0.18 3.9 6.9 
a 200 0 0 0.20 3.5 4.9 
tB 220 0 0 0.27 2.4 3.8 
23 140 3 2 0.13 2.2 4.4 
a 400 271 670 1.56 Pv 4.7 
zB 250 2 1 0.32 1.9 3.7 
30 120 65 35 0.40 2.5 4.8 
3i 200 35 2 0.42 H 
32 310 55 35 0.80 2.3 5.1 
34 600 1 0 0.40 2.7 5.0 
35 360 0 o 0.30 4.3 
36 400 1 0 0.17 3.8 5.9 
41 120 9 35 0.72 2.4 4.9 
42 t50 19 5 1.50 2.7 5.0 
43 t80 3 (0) 0.21 3.2 6.6 


Episodes of coarse tremor 
of right hand 


Corticosteroids; 
pulsed doses of 


Same as at ist wisit (8.5) 


cyclophosphamide 









Glucose, mmol/L 


a 
Blood 





Protein, 
g/L CSF 








* MN indicates menonuclea: cells; FMN, polymorphonuclear cells; and CSF, cerebrospinal fluid. 


evaluation was12.4 + 4.4 months. The 
21 patients in group | who could be 
traced had a mean follow-up of 11.4 + 
4.6 months. None of the patients had 
neurolegic symptoms and signs other 
than headache at the time of reeval- 
uation nor admitted to such problems 
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in the past. Of the 14 patients who had 
had migrainous headaches initially, 
eight reported similar frequency and 
intensity of headaches and five said 
they were better. Of the remaining 
seven patients with muscle tension or 
unclassified headaches, five fared the 





same and two were bester. 

The mean follcw-up in group 2a was 
13.3 + 3.1 months ameng the 12 pa- 
tients. The initial neurologic presen- 
tations, their course, and the final 
disposition of these patients are given 
in Table 1. Mos= of their conditions 
were either stationary at the time of 
follow-up or even sightly better. 
Patient 30 developed le*t hemiparesis, 
while patient 31 hed behavioral 
changes and bilateral upper motor 
neuron signs at his las: visit. 

Table 3 shows the findings in six 
patients in group 2b. The mean follow- 
up in this group was 13.8 + 6.4 
months. The neurologic symptoms 
and signs of the patients in this group 
were also stationary. Only one 
patient, after 19 months of follow-up, 
developed myoclonic jerks (patient 
41). 

In summary, of the 39 patients who 
were initially referred because of 
headache and/or other neurologic 
symptoms and signs, only three (pa- 
tients 30, 31, and 46) became substan- 
tially worse durirg a mean follow-up 
of 12 + 4 months. 

Table 4 depicts the cumulative fre- 
quency, in decreasing order, of all the 


neurologic symptoms and signs en- — 


countered, while the prevalence of 
nonneurologic manifestations of the 
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Table 3.—Profiles of Patients in Group 2b* 


History and Neurologic 
Manifestation at Referral 


1- or 2-d episodes of 
brain-stem syndrome 
occurring monthly starting 1 
y after onset of BS; NE 
showed upper motor neuron 
(pseudobulbar) and 
cerebellar signs 


Acute onset of dysarthria 4 y 
after onset of BS; NE 
showed dysarthria and 
bilateral upper motor neuron 
signs 

Brain-stem syndrome following 
brief loss of consciousness 
20 y after onset of BS 


Brain-stem syndrome 
(Wallenberg) 2 y after onset 
of BS 


3 episodes of paraplegia over 
1 y at age 26 y; other 
symptoms of BS occurred 
during same year; NE 
showed bilateral spasticity 
and other upper motor 
neuron signs (without 
weakness) 


Dementia and right HP 
following confusional 
episode 4 y after onset of 
BS 


Patient/Age, 
y/Sex 


41/20/M 


42/38/M 


43/43/M 


44/34/M 


45/41/M 


46/45/M 


Estimated 
Localization 


Brain stem 


CSF 
Findings 


Neuroradiologic 
Findings 


No further 


Neurologic 
Course 
Generalized 
myoclonic 

jerks 


Status at 
Last Visit 


Generalized myoclonic 
jerks with normal 
NE 


Treatment 
Azathioprine 


Azathioprine Same as at 1st visit 


attacks 


CT: N; vertebral Brain stem 


angiography: N 


Not done Brain stem 


Not done Spinal cord 


No further 
attacks 


No further 
attacks 


No further 


Residual brain-stem 
syndrome; 
paresthesias 

Residual brain-stem 
(Wallenberg) 
syndrome 


Same as at 1st visit 


Antiaggregant 


Azathioprine 


Antiaggregant 


(?) attacks 


CT: ventricular 
dilatation 


Not done 


Unknown 


Unable to walk 
(reported by letter) 


Unknown 





"CSF indicates cerebrospinal fluid; BS, Behcet's syndrome; NE, neurologic examination; A, abnormal; N, normal; CT, computed tomography; and HP, 


hemiparesis. 


Table 4.—Cumulative Frequency of All 
Neurologic Symptoms and Signs in 
Group 2 


No. (%) 
of Patients 
14 (82) 
11 (65) 

4 (24) 


Symptoms and Signs 


Pyramidal! signs 

Headache 

Cerebellar signs 

Sensory symptoms 
and/or signs 

Pseudobulbar signs 

Intracranial hypertension 

Meningeal irritation signs 

Hemianopia 

Dementia 

Personality changes 

Tremor 

Myoclonic jerks 


4 (24) 
2 (12) 
2 (12) 
2 (12) 
1 (6) 
1 (6) 
1 (6) 
1 (6) 
1 (6) 





syndrome is given in Table 5. The 
prevalence of uveitis was significantly 
greater among the patients in group 2 
compared with group 1 (12/17 [71%] 
vs 6/26 [23% ]; x? = 7.64, P < .01). This 
was also true in comparing the male 
patients only (10/14 [71%] vs 4/15 
[27%]; x? = 4.10, P < .05). There were 
no other statistically significant com- 
parisons in clinical findings between 
the two groups. 


COMMENT 


There have been several accounts of 
neurologic involvement in BS.'* Our 


group, in a recent case-control study, 
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investigated the types of headaches 
seen in BS and the value of CT in 
diagnosing neurologic involvement in 
this entity.’ The prospective nature of 
the current study enables us to put 
our experience in a better perspec- 
tive. 

Headaches without other neurolog- 
ic symptoms or signs do not seem to be 
of major significance in BS. Our fol- 
low-up findings in group 1 underline 
this. It is possible that five of the 
seven patients who did not return for 
their follow-up visits developed fur- 
ther neurologic problems. On the oth- 
er hand, this is quite unlikely in view 
of our findings in the remaining 
patients in group 1. 

The predominantly male prevalence 
in the more severe manifestations of 
BS” was also evident in this study, 
with all patients in group 2b being 
male (Table 3). 

No attempt was made to relate the 
effect of therapeutic interventions to 
the outcome of our patients. Nine of 
the patients in group 1 and six in 
group 2 were in a double-blind study 
of azathioprine at the time they were 
referred to the neurology clinic. The 
outcome of this trial is still being 
analyzed. 

One patient in group 1 and five in 
group 2 were taking steroids. The neu- 
rologic exacerbations in group 2 were 


usually treated by either pulsed 
megadose steroids (000 mg of intra- 
venous methylprednisolone sodium 
hemisuccinate for three alternate 
days) or intravenous cyclophospha- 
mide, around 1000 mg/mo, if they 
were not in the azathioprine trial. 

The most commonly reported site of 
neurologic involvement in BS is the 
brain stem.'* Our experience suggests 
that involvement of other sites is 
nearly as frequent ‘Tables 1 and 3). 
The most common neurologic symp- 
toms or signs in the current study 
were related to the pyramidal tract 
(Table 4). This is quite similar to the 
experience of others.» 

In four patients, the nonlocalizing 
character of the clinical features and 
the normal CT scan findings did not 
enable us to define the site of the 
lesion. Peripheral nervous system 
involvement was seen in only one 
patient. It was doubtful that the cause 
of this neuropathy was BS. It was 
interesting to note that uveitis was 
more common among the patients 
with neurologic problems (Table 5). 
We are unaware of previous observa- 
tions on this issue. 

The CSF findings in our patients 
were similar to those reported in oth- 
er studies*’*> (Table 2). Pleocytosis, 
the moderately high levels of intra- 
cranial pressures, not infrequent high 
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k Aphthae 


11 (100) 
15 (100) 
26 (100) 


3 (100) 
14 (100) 
17 (100) 


Genital Ulceration 


11 (100) 
14 (93) 
25 (96) 


3 (100) 
13 (93) 
16 (94) 


Folliculitis 


10 (91) 
15 (100) 
25 (96) 


3 (100) 
13 (93) 
16 (94) 


No. (%) of Patients 


Erythema Nodosum 


5 (45) 
7 (47) 
12 (46) 


2 (67) 
7 (50) 
9 (53) 


Synovitis 


oo.’ 


x =4.10, ? < .05 vs-uveitis in male patients in group 2. 


ty? = 7.6@ P< .01-vs uveitis total in group 2. 


protein lezes, and occasional low glu- 
cose coatent were all observed. Per- 
haps more sophisticated studies are 
indieated for CSF findings to be of 
diagnostie snd prognostic value in 
BS. 

In bath petients with papilledema, 
superior sagittal sinus occlusions 
were seen. n accordance with two 
previous stucies,'™” it can be said that 
dural sinus »cclusions are the major 
cause of papiledeme in BS. Converse- 
ly, BS kas been reported as a major 
subset m a group of patients with 
dura! siaus tnromtbosis."* 
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Computed tomographic scans do not 
seem to be of much value if the neuro- 
logic findings are normal. The addi- 
tional informative value of a CT scan 
can even be disputed. This experience 
is similar to other observations 
regarding the use of CT scans in simi- 
lar disease states. Perhaps the use of 
the more sensitive, newer-generation 
scanners can prove to be useful in 
controlled studies.” 

The prevalence of neurologic in- 
volvement in BS among our patients 
was 5.3% (17/323). Similar studies are 
awaited from other groups in other 
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Uveitis Thrombophlebitis 


2 (18) 
4 (27)* 
6 (23)t 


6 (55) 
8 (53) 
14 (54) 


2 (67) 
5 (36) 
7 (41) 


2 (67) 
10 (71) 
12 (71) 





countries before legitimate compari- 
sons can be made in a syndrome where 
regional variation in disease expres- 
sion is quite prevalent.” The same can 
be said about the prognosis of neuro- 
logic involvement in zhat our results 
indicate a more favorable outcome in 
such patients compared with previous, 
nonprospective studies.'* On the other 
hand, the role of therapy in this out- 
come among our petients remains 
unclear. 
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the manuscript. 
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Cerebrospinal Fluid Immunoglobulin 
Abnormalities in Neurosarcoidosis 


Sally J. Borucki, MD; Bich V. Nguyen, MD, MPH; Charles T. Ladoulis, MD; Robert R. McKendall, MD 


è A retrospective chart review of neu- 
rosarcoidosis at the University of Texas 
Branch (Galveston) between 
1982 and 1987 revealed 99 patients with 
sarcoidosis. Six patients were diagnosed 
with neurosarcoidosis and had electro- 


_ phoresis of serum and cerebrospinal fluid 


performed (one patient with a ventriculo- 


peritoneal shunt was later excluded). 


_ Cerebrospinal fluid immunoglobulins and 
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tient had 


albumin levels were determined followed 
by calculation of an IgG index and synthe- 
sis rate for each patient. Four (80%) of 
five patients had elevated IgG indexes 


-~ and synthesis rates indicative of intrathe- 


cal immunoglobulin production. No pa- 
immunoglobulin oligoclonal 
bands detected. To date, results of elec- 
trophoresis of cerebrospinal fluid in neu- 


_ rosarcoidosis have been reported in 37 


patients among four series. Of these, only 
nine patients (24%) have had either an 


_ elevated IgG index or synthesis rate. Our 


series suggests that intrathecal immuno- 
globulin production in neurosarcoidosis 
occurs more frequently than previously 
described. Furthermore, the elevated 
indexes and synthesis rates without asso- 
ciated oligoclonal bands suggests a poly- 
clonal immunoglobulin response. 

(Arch Neurol 1989;46:270-273) 


eurosarcoidosis occurs in about 
5% of patients with systemic sar- 
coidosis.'* The meninges are most fre- 
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quently affected, but other sites 
including cranial and peripheral 
nerves, cerebral cortex, spinal cord, 
hypothalamus, and pituitary gland 
have been reported.’ Neurologic 
involvement may be the presenting 
feature in up to 48% of patients and it 
is in this setting that most diagnostic 
difficulty occurs.™ Cerebrospinal fluid 
(CSF) examination, neuroimaging 
techniques, and biopsy of neural tis- 
sue are used adjunctively in the diag- 
nosis.?* Gaines and colleagues,’ as well 
as other investigators, have reported 
CSF abnormalities including elevated 
protein in 70%, lymphocytic pleocyto- 
sis in 72%, and deereased glucose in 
18% of patients with neurosarcoido- 
sis. While these findings are nonspe- 
cific, recent advances in CSF exami- 
nation have allowed determination of 
IgG index’ and IgG synthesis rate.’ 
Table 1 summarizes the parameters 
reported since 1984 in 37 patients with 
neurosarcoidosis.*"' 

Kinnman and Link’ reported a sin- 
gle case with an elevated IgG index 
and oligoclonal bands detected by iso- 
electric focusing. Mitchell et al’ pre- 
sented five patients, each of whom 
had IgG indexes and synthesis rates 
determined. Only one patient had an 
elevated IgG index. An additional 
patient had an elevated IgG synthesis 
rate with a normal IgG index. None 
had oligoclonal bands detected. Alter- 
ations of blood-brain barrier perme- 
ability, though prominent, were not 
thought to explain all of the IgG 
abnormalities. The IgG index was ele- 
vated in seven of 25 patients studied 
by Oksanen.” In contrast to these 
reports, Stern et al” found none of six 
patients had oligoclonal bands or ele- 
vated IgG indexes. These studies show 





that the frequency and characteristics 
of CSF IgG abnormalities in neuro- 
sarcoidosis have not been completely 
defined and remain controversial. 
Therefore, we examined our experi- 
ence with CSF IgG abnormalities in 
neurosarcoidosis and reviewed the lit- 
erature on immunoglobulin abnor- 
malities in sarcoidosis. 

Five patients with neurosarcoidosis 
who had high-resolution agarose gel 
electrophoresis of CSF and serum per- 
formed at our institution between 
1982 and 1987 are described. Four of 
five patients had elevated IgG indexes 
and increased IgG synthesis rates. 
None of the patients had oligoclonal 
bands. Contrary to previous reports, 
these data suggest that the IgG index 
and IgG synthesis rate may be fre- 
quently elevated in neurosarcoidosis 
and that loss of integrity of the blood- 
brain barrier alone does not account 
for all of the immunoglobulin present 
in the CSF of some patients with 
neurosarcoidosis. 


PATIENTS, MATERIALS, AND METHODS 


Ninety-nine patients were diagnosed 
with sarcoidosis at the University of Texas 
Medical Branch (Galveston) between 1982 
and 1987. Of these, six patients had aga- 
rose gel electrophoresis of serum and CSF 
performed. Review of these cases was per- 
formed by one of us and all patients met 
the following criteria for inclusion in this 
study: (1) five patients had biopsy-proven 
systemic sarcoidosis, developed neurolegic 
complications consistent with neurosarcoi- 
dosis, and had other causes, including 
tumor and infection, excluded; and (2) one 
patient without systemic sarcoidosis had 
neurosarcoidosis proven by meningeal 
biopsy and repeatedly had elevated IgG 
indexes and synthesis rates. This patient 
was excluded because of a ventriculoperi- 
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toneal shunt. which may effect the accura- 
cy of the caleulated EG syrthesis rate.’ 

Ne other patients with the diagnosis of 
sanveoidosis had agarase gel electrophoresis 
of CSF perfermed during the study peri- 
od. 

Extensive diagnostic studies were per- 
formed inetuding acid-fast bacillus, fungal 
and bacterial cultures of CSF, and CSF 
VDORL. Feur patients had computed 
tomographic (CT) scans and two had mag- 
netic resemance imaging (MRI) of the 
brain. Cranial MRI and CT were abnormal 
jn one patient, revealing five contrast- 
enkancing intracerebral masses. One 
patient had behavioral and psychiatric 
symptoms. as well as clinical and electro- 
physiologic evidence of an axonal sensori- 
mover polyneuropathy, both of which are 
well described in neurosarcoidosis.**"*'*" 
Patients were followed-up for one to five 
years. Table 2 summarizes the clinical fea- 
tures and diagnostic results of these 
patients. 

Serum and CSF samples were obtained 
simultaneously from all patients. Cerebro- 
spinal fluid samples were examined for cell 
count, differential cell count, glucose, and 
protein. The serum and CSF immunoglob- 
ulins and albumin were determined by 
quantitative nephelometry, with SDs of 
47% and 3.2% for IgG and albumin, 
pespactively. Agavose gel electrophoresis 
ef serum and CSF was performed at equiv- 
alent serum and CSF IgG concentrations 
to detect oligorloral bands. The CSF IgG 
index was determmed using the following 
values* 


(CSF IgG/Serum IgG) 


(CSF Albumin/ 
Serum Albumin) 
The CSF B&G synthesis rate was calcu- 


latec using Tourtellctte and colleague’s’ 
formula as fellows: 


CSP IgG Synthesis Rate/24 h = [(CSF 
IgG — Serum IgG/369) — (CSF Albu- 
min — Serum Alsumim/230) xX (Serum 
Ig@/Serum Albumin) X 0.43] x 5. 


Reference-vaiuesfor the IgG index were 
determined r this laboratory to be less 
than 058 ard were im accordance with 
these originally defined by Tibbling et als 
at 0.45 with an SD of 0.06. 


RESULTS 


Of99 patients with sarcoidosis, nine 
were diagnosed with neurosarcoidosis 
by aeecepted clinical criteria and other 
causes for the neurologic symptoms 
weresexcluded. Lengthy follow-up doc- 
umerting clinical improvement with 
steroid therapy supports the accuracy 


CSF IgG Index = 


of the diagnosis. 
Three patients did not have CSF 
immunoglobulin studies and are 


excluded frem further discussion. One 
additional patient was excluded 
because of a ventriculoperitoneal 
shunt, which may affect the CSF IgG 
synthesis rate.’ This patient had an 
elevated IgG index of 1.01 and an 
elevated synthesis rate of 29.82 mg/d. 
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Table 1.—Cerebrospinal Fluid Results Previously Report2d* 


No. of 
Cases 


Source, y 
Kinnman and Link,® 1984 


IgG Index 


IgG Synthesis 
Rate 


Oligoclonal 
Bands 


Positivet 





reference value 
Mitchell et al, 1985 


Reference value 
Stern et al,'' 1987 


Reference value 


Abnormal subjects 


* ND indicates not done. 
tWith isoelectric focusing. 


The findings for the remaining five 
patients are summarized in Table 3. 

Four (80%) of five patients had 
abnormally elevated IgG indexes and 
IgG synthesis rates (Table 3). Cere- 
brospinal fluid albumin was mildly 
elevated in two patients and serum 
albumin was slightly decreased in 
three patients (less than 15% 
decrease from normal serum albu- 
min). Serum IgG was elevated in one 
patient and decreased in another 
patient (both had elevated IgG index- 
es and synthesis rates). Cerebrospinal 
fluid IgG was increased in three 
patients and normal in two patients. 
One patient with increased CSF IgG 
had a normal IgG index and synthesis 
rate, while both patients with normal 
CSF IgG values had elevated IgG 
indexes and synthesis rates. Serum 
and CSF IgA and IgM were measured 
but showed no specific pattern of 
abnormality and are not further 
described. 

Serum to CSF albumin ratios 
ranged from 79 to 169. This would 
suggest some damage to the blood- 
brain barrier in all the patients” and 
is in accordance with previous obser- 
vations by several investigators.*" 
None of our patients had oligoclonal 
bands detectable by gel electrophore- 
sis. 


COMMENT 


The article on CSF immunoglobulin 
abnormalities in neurosarcoidosis by 
Mitchell et al? suggested that the 
abnormalities seen are primarily due 
to blood-brain barrier destruction and 
that intrathecal immunoglobulin pro- 
duction is an unusual finding. We 


0.5 ND 
0.72 ND 
0.56 Negative 
0.92 Negative 
0.07 Negative 
<0.83 
0.39 
0.58 
0.64 
0.52 
0.50 
0.51 
Not given 
>0.6 in 7 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 





describe four of five patients with 
neurosarcoidosis with abnormally ele- 
vated IgG indexes anc synthesis rates 
indicative of intrathecal IgG produc- 
tion. Our patients all have some 
blood-brain barrier damage manifest 
as a serum albumia-CSF albumin 
ratio of less than 230 (the ratio in 
normal subjects determined by Tour- 
tellotte et al’), but none of our 
patients with abnormal IgG indexes 
or synthesis rates hac a ratio signifi- 
cantly less than 100. Ewan and Lach- 
mann” found that the confidence lim- 
its of Tourtellotte and colleagues’ for- 
mula for calculating IgG synthesis — 
rates widened with blood-brain barri- — 
er damage and became significant 
with serum to CSF ratios less than 
100. Felgenhauer”? has shown that the 
IgG filtration rate (unlike that of IgA 
and IgM) remains stable (at 0.69) for 
serum to CSF albumin ratios greater 
than 50. Thus, it is unlikely that 
blood-brain barrier leakage alone 
explains the marked d2gree of eleva- 
tion of the IgG index and synthesis 
rate in our patients. 

The high incidence of IgG index 
abnormalities in our _ patients 
prompted us to eveluate several 
aspects of this and priar studies in an 
effort to account for the variation — 
among reports. This erticle and all 
previous studies are retrospective 
analyses subject to the inherent weak- 
nesses of such studies. However, all 
have similar clinical diagnostic crite- 
ria, patient demographics, and ade- 
quate length of observation to assure 
accuracy of diagnosis. Differences in 
steroid regimens could affect the cen- 
tral nervous system (CNS) IgG syn- 
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Patient 







biopsy, hilar adenopathy 


and pericardial biopsy, hilar 
adenopathy, LLL infiltrate 












Fever, weight loss, liver biopsy, 
pulmonary nodules, hilar 
prominence 





lung biopsy, hilar adenopathy 
Weight loss, cough, dyspnea, 
headache, pulmonary 
hypertension, liver and rectal 
biopsy, hilar adenopathy 









nerve conduction velocity. 


Cells 
x 109/L 

34 RBC; 5 
WBC; 0.76 
lymphocytes 
(240)t 

89 RBC; 8 
WBC; 0.89 
lymphocytes 
(15) 

39 RBC; 26 
WBC; 0.76 
lymphocytes 
(5) 

1 RBC; 14 
WBC; 0.90 
lymphocytes 
(60) 


Glucose, 
mmol/L 


IgG 
Index 


0.83 


Patient 


Reference 
values 
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Systemic Features of Sarcoidosis 
Chest pain, weight loss, uveitis, skin 





2 Chest pain, weight loss, lung pleural 


Malaise, fever, weight loss, dyspnea, 


*CT indicates computed tomography; EEG, electroencephalogram; MRI, magnetic resonance imaging; 


thesis 
Rate 


2.8-4.4 <0.58 k9-3.3 


Tabie 2.—Clinical Findings * 





Neurologic Signs 


Headache, amenorrhea, confusion, 
hyperrefiexia 












Back pain, leg weakness, sensory 
loss, optic neuritis, vertigo 





Confusion, headache, transient 
right hemiparesis, ataxic gait 







Headache, ataxia, focal seizures, 
transient right hemiparesis 


Peripheral neuropathy, headache, 
paresthesias, organic delusional 
syndrome 








CSF 
Proteins 
eA 
Albu- 
min, 
g/L 


IgG 
Syn- 


CSF Serum Proteins 
Ooo- ee a a 
clonal Albumin IgG, 
Bands g/L g/L 


Negative 


IgG, 
g/L 
14.6 


Negative 


Negative 


Negative 


Negative 


37-51 6.4-13.5 0.1- 


0.3 


* All patients had negative CSF bacterial, acid-fast bacillus, fungal cultures, and negative CSF VDRL. RBC 


indicates red blood cells; WBC, white blood cells. 


tPrednisone dose at time of CSF examination in parentheses (milligrams per day). 


thesis rates”? of patients, but there is 
insufficient information reported 
from which to draw clear conclusions. 
Similarly, information on disease 
duration and response to therapy is 
not completely reported. Thus, an 
explanation for the marked variabili- 
ty in frequency of CSF immunoglobu- 
lin abnormalities is not apparent and 
these factors should be more com- 
pletely addressed in future studies. 
The absence of oligoclonal bands in 
our patients is similar to all previous 
articles on CSF immunoglobulin 
abnormalities except for that of Kinn- 
man and Link? who demonstrated oli- 
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goclonal bands using isoelectric focus- 
ing. This technique is known to be 
more sensitive in detecting oligoclonal 
bands in CSF of patients with multi- 
ple sclerosis and is capable of detect- 
ing bands in normal CSF as well.” 
Thus, the significance of these bands 
is not clear. The absence of bands on 
agarose electrophoresis has been so 
uniform in all prior studies that the 
presence of bands might prompt 
reconsideration of the diagnosis of 
neurosarcoidosis, particularly the 
possibility of CNS infection or multi- 
ple sclerosis. 

The mechanism of IgG production 


Neurodiagnostic Studies 


CT, 5 enhancing intracranial 12 
masses; EEG, left frontal 
slowing; MRI, 5 masses on 
T-2 images; arteriogram, 
normal 


Lumbar CT and myelogram, 
nodular mass of cauda 
equina; brain CT, normal; 
VEP, abnormal bilaterally 


CT, normal; EEG, left frontal 18 
slowing 


CT, normal; MRI, mild 
cerebellar atrophy 


EEG, normal; NCV, prolonged 24 
distal latency; decreased 
amplitude; slowed 
conduction velocity; normal 
F wave 













Length of Follow-up, mo 



































LLL, left lower lobe; VEP, visual evoked potential; and NCV, 


in neurosarcoidosis is unknown; how- 
ever, increased numbers of OKT4 
(help-delayed hypersensitivity) cells 
have been demonstrated in both CSF”! 
and in bronchoalveolar lavage fluid” 
of patients with sarcoidosis. Also 
OKT4 cells isolated from patients 
with active pulmonary sarcoidosis 
cause activation of B cells from nor- 
mal individuals.” One could speculate 
that the OKT4 cells in CSF may play a 
role in excessive immunoglobulin pro- 
duction, but this remains to be prov- 
en. 
Intrathecal IgG production in the 
absence of oligoclonal bands is seen in 
some neurosarcoidosis patients. Since 
some patients with multiple sclerosis 
and certain CNS infections may have 
elevated IgG indexes and may not 
have oligoclonal bands, it may be dif- 
ficult to distinguish these conditions 
from neurosarcoidosis. This difficulty 
may be compounded by the overlap- 
ping clinical and neuroradiographic 
features of these conditions. As 
recently reported by several au- 
thors,*?’ the periventricular white 
matter lesions in neurosarcoidosis 
detected by MRI may be indistin- 
guishable from those of multiple scle- 
rosis. Comparison between MRI and 
CT in  neurosarcoidosis revealed 
greater sensitivity of MRI in detecting 
parenchymal lesions while CT (with 
contrast) proved superior in demon- 
strating meningeal enhancement. At- 
tempts to differentiate between mul- 
tiple sclerosis and neurosarcoidosis 
white matter lesions on MRI by com- 
parison of relaxation times were 
unsuccessful.“ Thus, MRI and CT 
findings in neurosarcoidosis do not 
distinguish this disease from various 
other inflammatory, infectious, and 
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vascular conditions of the CNS. 

Prospective studies are needed in 
patients with systemic sarcoidosis to 
determine waether, and how often, 
CNS IgG index elevations are predic- 
tive of later CNS symptoms. As well, 
studies with serial’CSF evaluations at 
various stag@s of disease activity 
would be use ul in further character- 
izing the meture anc frequency of 
immunologics] abnormalities in neu- 
rosareoidosis 
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Health Service Crant No. RR-05427 (Dr McKen- 
dall) and a gram from the Forman Foundation 
(Dr McKendall), Galveston, Tex. 
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tance in manusc~ipt preparation. 
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-@ In view of the evidence that patients 
“with human immunodeficiency virus infec- 
“tion. experience: reactive depression and 
‘anxiety, it is ‘important to determine 
whether these factors might account for 
some of the cognitive deficiencies 
observed. in this group, as is often the 
Casein psychiatric populations. An exten- 
‘sive battery of cognitive, personality, and 
attention tests was administered to 26 
patients who tested positive for the 
human. immunodeficiency virus. in this 
group were patients who demonstrated 
‘no symptoms, patients who had acquired 
immunodeficiency syndrome-related 
| mplex, and patients who had acquired 
mmunodeficiency. syndrome. Pearson 
yduct Moment correlations were com- 
uted between scores on the three types 
measures. The results of this correla- 
onal study suggest that cognitive 
cline in patients infected with human 
mmunodeficiency virus is independent of 
100d and attentional changes. 

` (Arch Neurol 1989;46:274-277) 





ome recent literature suggests that 
- subtle cognitive dysfunction may 
xist. at early stages of infection with 
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sity New Commuity T Dr, Peni 
Y 1 1030 { Dr Kovngry: | 








ichard Kovner, PhD; Ellen Pereeman, PhD; Wayne Lazar, PaD; | 





Brian Hainline, MD; 


ark H. Kaplan, MD; Martin Lesser, PhD; Richard Beresford, MB 


dysfunction reflects HIV infection of 
brain tissue,** or a psychophysiologic 
response to knowledge of being 
afflicted with a life-threatening ill- 
ness.”* Studies of chronic psychiatric 
subjects indicate that impairments of 
concentration and attention can sig- 
nificantly alter cognition,’ and it may 
be that the poor performance of some 
HIV-infected patients on cognitive 
tests is another example of the pseu- 
dodementia cf depression. Since 
approaches to treatment will depend 
on what is thought to be the basis of 
impaired cognition, it is important to 
develop clinical measures that will 
distinguish possible pseudodementia 
in HIV-infected patients from specific 
cognitive dysfunction due to HIV 
infection of the brain. We describe 
here findings that address the issue of 
the interplay among personality, 
attentional, anc cognitive variables in 
a group of HIV-infected subjects. A 
more complete presentation and anal- 
ysis of the cognitive deficits is pre- 
sented separately. 


SUBJECTS AND METHODS 
Subjects 


Twenty-six subjects positive for HIV 
volunteered for a prospective study of cog- 
nitive functions at different stages of the 
HIV infection. They were divided into 
three diagnostic categories derived from 
criteria developed by the Centers for Dis- 
ease Control, Atlanta.” Seven had acquired 
immunodeficiency syndrome (group IVC), 
11 had acquired immunodeficiency syn- 
drome-related complex (group IVA), and 
eight were seropositive for HIV (group ID) 


_ with persistent generalized lymphadenop- | 
athy or asymptomatic infection, Twenty- 


two patients (15 men and 11 women) were. 


evaluated as outpatients and four as inpa-_ 





form of th | 
Seale! was given. It included the Informa- 
‘tion, 


tients. Thirteen were intravenous (IV) 
drug abusers, eight were homosexuals, and 
five were presumably infected with the 
virus via blood transfusions or heterosexu- 
al contact. The patients in our study had a 
mean of 12.5 years of education (range, 
eight to 19 years). The mean age for the 
group was 38.5 years (range, 24 to 65 
years). Half of the sampie was employed in 
professional or managerial positions, while 
the other half had skilled or semiskilled 
occupations. Twelve of the patients were 
receiving zidovudine during the study. 

Since these subjects were already receiving _ 
the medication prior te being tested no 
predrug baseline testing was available for 
comparison. Therefore, no estimate of pos- 
sible zidovudine effects on neuropsycho- 
logic performance can be made from this 
study. 


Testing Procedures 


The general test battery included 23 
measures designed to sample a range of 
neuropsychologic processes (cognitive, at- 
tentional, and personality). Prior to test- 
ing, informed consent was obtained from 
all patients. Patients were seen for testing 
at their convenience anc were given the 
option of completing the battery either — 
over a 3v2- to four-hour period (including a 
rest break) on the same day, or over two 
days within the same week. The order of 
test administration was randomized across 
subjects. Each test has either a normalized 
(Z score) distribution against which indi- 
vidual scores can be interpreted or an 
empirically derived cutting score, which is 
associated with organic brain dysfunc- 
tion. 


Measures of Neuropsychologic 
Functions 


Generat Intellectual Functions.—A short 
e Wechsler Adult Intelligence 








-Digit Span, Similarities, Block | 
Designs, and Digit Symbel subtests. Pro- 
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ratec Full Scak, Verbal, and Performance 
IQ seores wer obtained. Premorbid IQs 
were estimatec from the formula of Bar- 
ona «t al? The Mattis Dementia Rating 
Seale" was used to test attention, initia- 
tion and perse eration, construction, con- 
ceptwalization, and memory. Unlike the IQ 
test, whieh is relatively insensitive to 
orgazic braim dysfunction because it 
defines normal performance over a wide 
range of seores the Mattis Dementia Rat- 
ing S=ale is sensitive to organicity because 
it defines norma! performance over a nar- 
row mange#of seres. 

Academic Skills.—The single-word read- 
ing Œbtesi daf the Wide Range Achieve- 
ment Test Revesed® was used as another 
estimate of premorbid verbal IQ." 

Laeguage.— The Boston Naming Test” 
was sed 1o ev_luate word retrieval. Sub- 
jects are asked zo name pictured objects in 
onder of decreasing frequency of occur- 
rence If asub=ct cannot name an object 
sponteneonsly xe is first given a semantic 
cue, and then, it necessary, is cued with the 
first syllable ef the target word. The Ver- 
bal Mluency suptest of the Neurosensory 
Center Comprehensive Examination for 
Aphasia requir s the subject to produce as 
many words as he ean beginning with the 
letters “F7 “A” and “S,” respectively, in 
threes60-s trial ." 

Memory.—Inrmediate verbal memory 
was assessed with the Wechsler Adult 
Intelligence Sede-Revised Digit Span sub- 
test that requires repetition of digit 
strings beth ‘orward and _ backward.’ 
Leng=term-verta! memory was tested with 
the Wechsler Adult Intelligence Scale- 
Revised Information subtest that consists 
of 29 questions mased on general informa- 
tien in order of increasing difficulty. 
Short-term viseal memory was evaluated 
with the Benter Test of Visual Retention," 
whic tests recall and recognition of geo- 
metrie designs @enerally three to a page). 
Short-term ver al memory was evaluated 
with = modified version of the 20-word 
Mattis-Kowner ist learning task. This 
test incompor=es -Buschke’s selective 
remim ing procedure”! and measures recall 
and reeognmition.at the same points during 
learning. Four rcal! trials are followed by 
a recegnitien n=mory probe, and another 
trial «f each ty»e is administered after a 
30+miaute delar. Incidental memory was 
teste by determining incidental recogni- 
tion f the sp_tial location of pictured 
objects on a p.ge.~” Subjects were not 
specifically told prior to stimulus presen- 
tatiom that spatial location of the objects 
would be testec. but they were told that 
some -ype of memory test would take place 
after -hey aad seen all of the objects. 

Moeor Coordiration.—This was evaluated 
with -he Purdue Pegboard Test,* which 
measeres laterdized and bimanual finger 
dextecity usimg 30-s speeded trials. Sub- 
jeets are requir-d to place 4%-in wide pegs 
with rounded nds in vertical rows of 
holes. 

Attention and Goncentration.—The Gordon 
Diagrmstic Syst) m* consists of three nine- 
minut tests de=gned to measure different 
aspect of attention and concentration. 
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The three tasks are relatively noncogni- 
tive, requiring mainly adequate visual acu- 
ity as well as gross motor coordination. On 
the Delay task, subjects must determine an 
optimal interresponse interval (6 s) 
between button presses, to obtain continu- 
al reinforcement. On the Vigilance and 
Distractibility tasks, which are adminis- 
tered next, subjects are required to press a 
button when a specified two-digit sequence 
is detected as single digits are rapidly and 
serially flashed on a screen. In the Vigi- 
lance task, digits are flashed in one central 
screen location. In the Distractibility test, 
digits are flashed in three contiguous 
screen locations, and subjects are required 
to ignore digits flashed in the outer two 
locations. 

Personality and Mood.—A short form of 
the Minnesota Multiphasic Personality 


Mean Z-Score 


On; 2 


Percentile 


Inventory (MMPI) was administered.” 
Patients are required to answer 399 ques- 
tions on a self-checking response form. The 
MMPI has been standardized on very large 
populations. The Depression scale and the 
Psychasthenia scale were utilized as repre- 
sentative measures of the psychologic fac- 
tors of major interest in this study. 


RESULTS 
Whole Group Scores and Correlations 


The Figure presents the mean Z- 
score profiles (and associated percen- 
tile scores) for our subject group on a 
representative set of neuropsycho- 
logic tests from the cverall battery. 
Scores on each of the measures sel- 
ected to represent the battery can be 
plotted as normalized scores, thus 


Barona Full Scale 1Q Test 
WAIS-R Full Scale IQ Test 
WAIS-R Information 
WAIS-R Similarities 
WAIS-R Block Design 
WAIS-R Digit Symbol 
WAIS-R Digit Span 
Immediate Recall 
Immediate Recognition 
Spatial Location 

Word Fluency 

Boston Naming 

Dementia Rating Scale 
WRATR Reading 

Delay 

Vigilance 
Distractibility 
MMPI Depression 
MMPI Psychasthenia 


16 50 84 98 99.9 





Mean Z-scores and associated percentiles for all 26 subjects for tests that can be displayed in 
standard score form. WAIS-R indicates Wechsler Adult Intelligence Scale-Revised; WRAT-R, 
Wide Range Achievement Test-Revised; and MMPI, Minnesota Multiphasic Personality Inven- 


tory. 
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_ Revised; DRS, Mattis Dementia Rating Scale; BOS, Boston Naming Test; WFL 
pictured objects; RCG, recognition; RCL, recall; DSY, Digit Symbol; DIG, Di 
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facilitating comparisons among tests. 
Measures that cannot be plotted as 
normalized scores were excluded. The 
data indicate that, as a group, the 
subjects displayed significant cogni- 
tive dysfunction, where the criterion 
for dysfunction is a group mean test 
score falling at least 1.5 SDs below the 
standardized mean. A score at this 
point on the normal curve (sixth per- 
centile) indicates that 94% of age- 
matched individuals taking the same 
test obtained higher scores. On the 
basis of this criterion, subjects dem- 
onstrated significant deficits on the 
Dementia Rating Scale (Z = —4.2; 
<0.1 percentile), on the recall measure 
of the Mattis-Kovner Verbal Memory 
Test (Z = —1.9; third percentile), the 
incidental memory test for spatial 
location (Z = —1.5, sixth percentile), 
and the Boston Naming Test 
(Z = —1.9; third percentile). Subjects 
also displayed deficient performance 
on the Delay subtest of attention 
(Z = —1.6; sixth percentile). By con- 
trast, their performance on the other 
two attentional tests was within nor- 
mal limits, although below the stan- 
dardized mean. Both the current pro- 
rated and estimated premorbid IQs of 
the patients are within the average 
range, as is their single word reading 
score on the Wide Range Achievement 
Test-Revised. This suggests that pre- 
morbid intellectual abilities of the 
subjects were at least in the average 
range. 

The personality measures indicated 
that subjects were experiencing men- 
tal distress. Their score on the 
Depression scale of the MMPI was 


elevated to 2.7 SDs above the mean. 
Mean scores on the Psychasthenia 
Scale of the MMPI were also signifi- 
cantly elevated (+1.9 SDs). The “D” 
and “Pt” scales measure different 
psychologic factors, though both have 
a high loading on anxiety.” 

In view of the evidence that subjects 
were emotionally distressed and had 
some attentional difficulties, Pearson 
Product Moment correlations were 
computed between all pairs of scores 
on the cognitive, personality, and 
attentional measures, to assess 
whether these factors might account 
for the observed cognitive deficits. 
Due to the large number of correla- 
tions obtained we chose to be conser- 
vative with respect to committing a 
type I error by considering a correla- 
tion significantly different from 0 
only if the P value was equal to or less 
than .01, rather than .05. For the 
majority of the cognitive tests, corre- 
lations were computed for scores 
based on number correct, such that 
the better the performance the higher 
the score. For the Benton Visual 
Retention Test, however, the score 
used in the correlational analysis is 
based on the number of errors, and 
consequently, the better the perfor- 
mance the lower the score. Higher 
scores on the personality measures 
denoted more deviant personality 
functions. The Table reveals that only 
one of 65 correlations between cogni- 
tive and noncognitive measures was 
significant. In contrast, significant 
correlations were revealed between 44 
of the 78 pairs of cognitive tests, and 
between the two MMPI scales. The 
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overall group correlational analyses 
indicate, therefore, that neither psy- 
chologic nor attentional variables 
affected cognitive performance. 


Subgroup Scores and Correlations 


To test the hypothesis that whole 
group scores and correlations might 
mask significant associations between 
noncognitive and cognitive measures 
in different subgroups, additional sta- 
tistical analyses were performed. The 
same correlations that were computed 
for the overall group were recalcu- 
lated for the following subgroups: 
diagnostic group I (acquired immuno- 
deficiency syndrome), diagnostic 
group II (acquired immunodeficiency 
syndrome-related complex), diagnos- 
tic group III (HIV+); risk group I (IV 
drug abusers), risk group II (non-IV 
drug abusers); sex group 1 (males), sex 
group II (females); treatment group I 
(zidovudine), treatment group II (no 
zidovudine). This additional analysis 
revealed that across all subgroups 
there were eight significant correla- 
tions between cognitive and noncogni- 
tive measures. Five of these correla- 
tions involved the Benton Test of Vis- 
ual Retention, suggesting that this 
test may be particularly sensitive to 
noncognitive factors. The remaining 
three correlations involved the Verbal 
Fluency Test, the Mattis-Kovner Ver- 
bal Memory Test, and the Incidental 
Memory Test. In patients with ac- 
quired immunodeficiency syndrome, 
scores on the Verbal Fluency Test 
correlated with scores on the Depres- 
sion Scale (r= .989; P<.001). For 
patients with acquired immunodefi- 


Correlations Between All Cognitive, Personality, and Attentional Measures for All 26 Patients * 


Personality Attention 
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*SC7 indicates Psychasthenia scale; SC2, Depression scale; DIS, Distractibility task; VIG, Vigilance task; DEL, Delay task; REA, Wide Range Achievement Test 


Visual Retention. 
tCorrelations that are significant at P = .05 level. 
Correlations that are significant at P = .01 level. 
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, Neurosensory Center Comprehensive Examination for Aphasia; SPA, spatial location of 
git Span; BLK, Block Designs; SIM, Similarities; INF, Information; and VRT, Benton Test of 


Cognitive Deficit—Kovner et al 


< u 


m Bi > TS ad aT Saat. 2h SRY, F pae 
TRENE: — Bé TP: n r T A aa) rt i FT te read TIERES S PTI ETE oa PEATE ee 


vy 


cienzy sendrome-related complex, the 
Benson Visual Retention Test corre- 
lated with Depression (r= —.817; 
P <_007, the reeall component of the 
Mattis-Kovner Verbal Memory Test 
corrlat=d with the Distractibility 
Test (+= 825; P <.003) and the 
Incidental Spatial Memory Test corre- 
lated wath the Delay task (r = .88; 
P <.00@). Among non-IV drug abus- 
ers, the Benton Visual Retention Test 
scores ærrelated with scores on the 
Dismacbility task (r = .787; 
P <.004. For wemen, the Benton Vis- 
ual 2etention Test correlated with the 
DepressonScale (r = —.897; P < .006). 
For mea and subjects nct receiving 
zidcvudene, the Benton Visual Reten- 
tior Tes correlated with the Distract- 
ibilty Test (r= 652; P<.01, and 
r= 852 P< .001, respectively). 


COMMENT 


Gur findings suggest that affective 
and att=ntional faetors de not play a 
sigrificent role in accounting for the 
eogaitive impairment of HIV-infected 
am»ulacory subjects. While subjects 
shored differing degrees of impair- 
ment om both cognitive and noncogni- 
tive measures, impairments in one 
domaim were not consistently corre- 
lated with impairments in another 
either “or the overall group or for 
sukezrowns of subjects. These findings 
ma ech eur clinical impression that 
some smbjects who seemed depressed 
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and anxious during testing performed 
well on cognitive tests, while other 
subjects who appeared to have normal 
affects performed poorly. Although 
depression and anxiety have been 
associated with impaired perfor- 
mance on cognitive function tests in 
chronic psychiatric patients,’ these 
factors did not appear to impair per- 
formance in our subjects. Unlike 
chronic psychiatric patients whose 
background of attentional and con- 
centrational difficulties may limit 
their test-taking abilities, our rela- 
tively well-educated subjects had 
functioned reasonably well in the 
community until shortly before they 
were tested. They are, presumably, 
better suited to testing than chronic 
psychiatric patients because of their 
recent experience of relatively normal 
cognitive functioning that could be 
tapped in the formal structure of the 
test situation. 

While analysis by subgroups did 
reveal some correlations between cog- 
nitive and noncognitive measures of 
performance, these findings do not 
invalidate our general conclusion that 
noncognitive factors do not account 
for the cognitive impairments of sub- 
jects infected with HIV. There was no 
consistent or interpretable pattern of 
correlations either within or across 
subgroups, and only one of our 21 
cognitive tests (Benton Test of Visual 


Retention) significantly correlated 
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with noncognitive measures in more 


than one subgroup. Moreover, several 
of the significant correlations may 
have been random enes given the 
large number of correlations that 
were computed. It thus seems justifia- 
ble to conclude from our data that 
cognitive performance in a cross sec- 
tion of subjects infected with HIV was 
largely unaffected by specific atten- 
tional and psychologie factors. 

In contrast to other studies of neu- 
ropsychologic functions in subjects 
infected with HIV?» our study 
includes patients from a variety of 
risk groups, suggesting that risk 
group is not a critieal variable for 
producing cognitive dysfunction in 
HIV infection. In this respect, our 
data do not support tke implication of 
Rothenberg et al” that neuropsycho- 
logic consequences of HIV infection 
may depend on the risk group to 
which patients belong. Although our 
findings are straightforward, they 
should be interpreted with caution 
because of the relatively small size of 
the patient sample (N = 26). 
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“What do you mean 
by ‘starting early’ 
inthe treatment 
of Parkinson's disease? 


Start therapy 
as soon as signs and symptoms 
first impair daily activities 


For most patients with Parkinson's disease, 


Sinemet 


(Carbidopa-Levodopa | MSD) 


Right from the start 


SINEMET is contraindicated in patients receiving monoamine oxidase _ 
nhibitors (these inhibitors must be discontinued at least two weeks prior 
to initiating therapy with SINEMET); in patients with known hypersensitivity 
to this drug; in patients with narrow-angle glaucoma; and in patients 

with suspicious, undiagnosed skin lesions or a history of melanoma. 


Fora Brief Summary of Prescribing Information, please see the following page. 
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Dosage Guidelines 
Individualized dosage—a key to clinical 
success with SINEMET 

@ begin when symptoms first interfere with 
normal function 

@ adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Trarsfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If stll more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 
a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


Theoptimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may 
be civen separately or combined as needed 
to provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be 
started on one tablet of SINEMET 25-100 
t.i.d orq.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 
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Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse re- 
actions, it is necessary to individualize therapy. 
See the WARNINGS (below) and DOSAGE AND AD- 
MINISTRATION sections in the Prescribing Infor- 
mation before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors 
must be discontinued at least 2 weeks prior to initiating 
therapy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions o” history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage thatwill provide approximately 
25 percent of the previous levodopa dosage. (See 
DOSAGE AND ADMINISTRATION section of Prescrib- 
ing Information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless pre- 
scribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be ob- 
served Carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution pa- 
tients with past or current psychoses. Because carbi- 
aopa permits more levodopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur at lower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to pa- 
tients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with h story of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for in- 
tensive cardiac care. 

As with levodopa, there is possibility of upper GI 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and in- 
creased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET is 
reduced abruptly or discontinued, especially if the pa- 
tient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although ef- 
fects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skele- 
tal malformations in rabbits. Use of SINEMET in women 
of childbearing potential requires that anticipated ben- 
efits of the drug be weighed against possible hazards 
to mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Satety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations 
of hepatic, hematapoietic, cardiovascular, and renal 
function are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as al- 
kaline phosphatase, SGOT (AST), SGPT (ALT), lactic 
dehydrogenase, and bilirubin. Abnormalities in pro- 
tein-bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 
are lower during acministration of SINEMET than with 
levodopa. 
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For many parkinsonian patients when symptoms first impair normal function 


SINEMET® (Carbidopa-Levodopa, MSD) may 
cause a false-positive reaction for urinary ketone 
bocies when atest tape is used for determination of ke- 
tonuria. This reaction will not be altered by boiling the 
urine specimen. False-negative tests may result with 
the use of glucose-oxidase methocs of testing for glu- 
cosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET. 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient re- 
ceiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started. dosage adjustment of the 
antihypertensive drug may be required. For patients re- 
ceiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS (above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET. 

Phenothiazines and butyrophenones may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET 
should be carefully observed for oss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET are choreifcrm, dys- 
tonic, and other involuntary movements. Othe” serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episodes, deoression 
with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred: how- 
ever, a Causal relationship with SINEMET has not been 
established. 

Acommon but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irreg- 
ularities and/or palpitation. orthostatic hypotensive 
episodes, bradykinetic episodes (the “on-cff" phe- 
nomenon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ul- 
cer, hypertension, phlebitis, hemolvtic and non-hemo- 
lytic anemia, thrombocytopenia, leukopenia, and 
agranulocytosis have occurred. 

Laboratory tests which have b2en reported to be 
abnormal are alkaline phosphatase, SGOT (AST), 
SGPT (ALT), lactic dehydrogenase, bilirubin, blood 
urea nitrogen, protein-bound iodine, and Coombs test. 

Other adverse reactions that have been seported 
with levodopa are: Nervous System. ataxia, numbness, 
increased hand tremor, muscle twitching, muscle 
cramps, blepharospasm (which may be taken as an 
early sign of excess dosage. consideration of dosage 
reduction may be made at this time). trismus, activation 
of latent Horner's syndrome. Psychiatric: confusion, 
sleepiness, insomnia, nightmares, hallucinations, de- 
lusions, agitation, anxiety, euphoria. Gastrointestinal: 
dry mouth, bitter taste, sialorrhea, dysphagia, bruxism, 
hiccups, abdominal pain anc distress, constipation, di- 
arrhea, flatulence, burning sensation of tongue. Meta- 
bolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRAINDICA- 
TIONS), flushing, increased sweating, dark sweat, skin 
rash, loss of hair. Genitourinary: ur nary retention, uri- 
nary incontinence, dark urine. oriapism. Special 
Senses: diplopia, blurred vision, dilated pupils, oculo- 
gyric crises. Miscellaneous. weakness, faintmess, fa- 
tigue, headache, hoarseness, meélaise, hot flashes, 
sense of stimulation, bizarre breathing patterns, neuro- 
leptic malignant syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same es management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 25- 
100, and SINEMET 25-250 are supp ied in bottles of 100 
and unit dose packages of 100. 

Storage 

Tabiets SINEMET 10-100 anc Tablets SINEMET 25-250 
must be protected from light. 


For more detailed information, consult MS D 
your MSD Representative or see Pre- 

scribing Information. Merck Sharp & MERCK 
Dohme, Division of Merck & Ca, Inc., SHARP: 
West Point, PA 19486 J8S130 (117) DOHME 
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Vertigo of Vascular Origin 


CEn‘cal and Electronystagmographic Features in 84 Cases 


Anton Grad, MD, Robert W. Baloh, MD 


e We reviewed the clinical and elec- 
tromystagmographic findings of 84 pa- 
tients who presented to our neuro-otolo- 
gy clinic with vertige of presumed cere- 
brovascular origin. There was a surpris- 
ingly high incidence of isolated episodes 
of vertigo (abrupt in onset, lasting 
minutes). In some patients these episodes 
preced=d other symptoms of vertebro- 
basilar insufficiency or infarction by 
months. Peripheral vestibular abnormali- 
ties were common on electronystagmo- 
graphic testing; 42% had unilateral 
hypoencitability to caloric stimulation. We 
conciucie that the vestibular labyrinth is 
selectively vulnerable to ischemia within 
the vertebrobasilar system. 

(Arcs Neurol 1989;46:281-284) 


Epis die vertigo frequently occurs in 

patients suffering from ischemia 
in the distribution of the vertebro- 
basilar circulation. It may occur in 
iselation, with other symptoms of ver- 
tebrobasilar insufficiency (VBI), or 
with »ersisting symptoms and signs 
of infarction of the brair. stem and/or 
cerebellum.'> When other symptoms 
and sns are present, the diagnosis is 
usually obvious, whereas when vertigo 
occurs im isolation it is difficult to 
differentiate from other. more benign 
disoreers involving the inner ear. To 
better define the differential features 
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of ischemic vertigo, we reviewed the 
records of 84 patients presenting to 
our neuro-otology clinic with vertigo 
presumed to be on a vascular basis. 
We were particularly interested in the 
duration of episodes, how often they 
occurred in isolation, and how often 
they preceded infarction. Since all 
patients underwent quantitative ves- 
tibular function testing, we were fre- 
quently able to document the site of 
ischemic damage (peripheral or cen- 
tral). 


PATIENTS AND METHODS 
Methods 


The records from our neuro-otology clin- 
ic from 1974 to 1987 were reviewed, and 84 
patients fulfilling the following criteria 
were selected: (1) the patient was referred 
for consultation because of vertigo (an 
illusion of movement), and (2) the diagno- 
sis (based on clinical evaluation) was ische- 
mia in the territory of the vertebrobasilar 
circulation. The history (including prior 
medical records and tests) and neurologic 
examination in each patient were obtained 
by an experienced neuro-otologist (R.W.B). 
In addition, each patient completed a stan- 
dardized dizziness questionnaire. 

Quantitative vestibular function testing 
was performed on all patients. Electronys- 
tagmography (ENG) included tests for 
pathologic nystagmus (changes of fixation, 
gaze, and head position), vestibulo-ocular 
reflex function using bithermal caloric 
testing, and visual ocular control (saccades 
and smooth pursuit). Details have been 
reported elsewhere.* 

Computed tomography (CT) and mag- 
netic resonance (MR) scans of the brain 
were obtained when indicated as part of 
the clinical assessment. They were abnor- 
mal in most cases of infarction and normal 
in the remaining cases. Only 16 patients 
underwent posterior circulation angiogra- 


phy. In seven of these, focal occlusions 
were nicely correlated with the areas of 
infarction identified clinically. In the oth- 
ers, atherosclerotic ehanges were found 
(mostly intracranial) but they did not ade- 
quately explain the clinical symptoms 
and/or signs. In no case did angiography 
lead to surgical intervention. 


Case Presentations 


Case 1.—For six months, a 54-year-old 
man had multiple episodes of vertigo, 
imbalance, diplopia, blurred vision, and 
visual hallucinations (small dot patterns 
moving across the visual field) lasting for 
minutes. One episode lasted for hours, 
leaving him with resicual imbalance and 
episodes of positional vertigo (lasting sec- 
onds) when turning to the left side in bed. 
On neuro-otologic examination, he exhib- 
ited a broad-based ataxic gait with a ten- 
dency to fall to the left, limitation of 
adduction of the right eye associated with 
diplopia on looking to the left (unilateral 
medial longitudinal fasciculus lesion), 
slurring of speech, and incoordination of 


the extremities (dysmetria, dysrhythmia, © 


and dysdiadochokinesia). 


The ENG testing revealed a typical 


benign paroxysmal positional nystagmus’ 
in the left head-hangimg position, almost 
complete absence of calorie response on the 
left side, symmetrical'y impaired smooth 
pursuit, impaired fixetion-suppression of 
vestibular nystagmus, and saccade dysme- 
tria (overshooting and undershooting of 
the target). 

This patient had two different kinds of 
vertigo, one accompanied by typical symp- 
toms of transient ischemia and the other 
isolated and positional. Neurologic exami- 
nation and ENG decumented multifocal 
findings suggesting infarction on the brain 
stem, cerebellum, anc left labyrinth. The 
positional vertigo was a sequela of the left 
labyrinthine infarction. 

CaAsE 2.—A 73-year-old man developed 
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the sudden onset of vertigo, severe for 
hours and gradually resolving over days. 
He did not notice associated hearing loss, 
tinnitus, or any other neurologic symp- 
toms. Medical history revealed a single 
drop attack and three episodes of bilateral 


- visual loss lasting 30 minutes each. On 


neuro-otologic examination, his gait was 
mildly unsteady and he was unable to walk 
in tandem even with the eyes open. When 
standing in the Romberg position, he fell to 
the right with his eyes closed. He exhibited 
left-beating nystagmus on gaze to the left. 
The ENG testing revealed a spontaneous 
left-beating nystagmus with eyes open in 
darkness. He had complete absence of calo- 
ric response on the right side. Audiometric 
evaluation showed only a symmetric high- 
frequency sensorineural hearing loss. This 
patient with prior symptoms of VBI with- 
out vertigo developed a prolonged episode 
of vertigo due to infarction of the vestibu- 
lar labyrinth. 

CAsE 3.— A 55-year-old man with a his- 
tory of hypertension, coronary artery dis- 
ease (myocardial infarction at the age of 44 


- years), and a transient ischemic attack 


(left hemiparesis lasting for three hours at 
the age of 46 years) developed the acute 
onset of vertigo, left-sided hearing loss, 
imbalance, and left-sided clumsiness. The 
vertigo gradually improved over the subse- 
quent week, but the other symptoms 
remained relatively unchanged. For two 
months before this sudden event, he had 
experienced multiple episodes of vertigo, 
nausea, and vomiting, lasting up to an 
hour, unassociated with auditory or neuro- 
logic symptoms. 

On neuro-otologic examination, his gait 
was wide-based and ataxic with a tendency 
to drift to the left. There was gaze-evoked 
nystagmus in all directions, absent hearing 
on the left, and incoordination of the left 
extremities. Both CT and MR scanning 
documented multiple areas of infarction, 
including the vermis and left cerebellar 
hemisphere. Our ENG testing revealed 
absent caloric response on the left side 
(including ice water), asymmetric gaze- 
evoked nystagmus (left > right), and sym- 
metric impairment of smooth pursuit and 
fixation-suppression of vestibular nystag- 
mus. 

This patient experienced recurrent iso- 
lated episodes of vertigo for two months 
before developing typical clinical symp- 
toms and signs of infarction in the distri- 
bution of the left anterior inferior cerebel- 
lar artery (including the labyrinth). 


RESULTS 
Definition of Diagnostic Groups 


On the basis of the history and 
neuro-otologic examination, the pa- 
tients were divided into two groups. In 
group 1, with VBI, the vertigo was 
associated with transient symptoms 
resulting from ischemia in the territo- 
ry supplied by the vertebrobasilar 
system. Neurologic examination re- 
sults were normal between the epi- 
sodes. In group 2, with infarction in 
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Table 1.—Frequency of Associated 
Symptoms in 42 Patients With 
Vertebrobasilar Insufficiency 


No. of 
Patients 


Visual dysfunction 
Drop attacks 
Unsteadiness-incoordination 
Extremity weakness 
Confusion 

Headache 

Hearing loss 

Loss of consciousness 
Extremity numbness 
Dysarthria 

Tinnitus 

Perioral numbness 


29 
14 
9 
9 


MARARA DON 


the territory of the vertebrobasilar 
circulation, the vertigo was associated 
with fixed neurologie signs. On the 
basis of the clinical examination and 
neuroimaging, the infarcts were clas- 
sified as follows: 2.1, posterior inferior 
cerebellar artery (PICA), Wallen- 
berg’s syndrome; 2.2, anterior inferior 
cerebellar artery (AICA); 2.3, cerebel- 
lum alone; 2.4, labyrinth alone (sud- 
den deafness and absent caloric 
response in a patient with VBI); and 
2.5, multifocal (neurologic findings 
indicate brain-stem and cerebellar 
involvement but not localizing to one 
vessel distribution). 


Clinical Features 


The VBI group consisted of 42 
patients (17 men and 25 women; ages 
68 + 9 years, range, 50 to 80 years). 
The most frequent symptoms re- 
ported in association with vertigo 
were visual (diplopia, illusions, hallu- 
cinations, field defeets, blindness) fol- 
lowed by drop attacks, incoordination, 
and extremity weakness (Table 1). To 
be included, drop attacks, hearing 
loss, and tinnitus had to be associated 
with symptoms other than vertigo. 
Thirty-five patients reported that 
their typical episodes lasted minutes, 
four reported that they lasted sec- 
onds, and five reported that they 
lasted hours. Patients experienced the 
attacks of VBI for three weeks to 
three years before presenting for neu- 
ro-otologic evaluation. Twenty-six 
patients reported at least one isolated 
episode of vertigo, and in eight it was 
the initial symptom. In this latter 
group, isolated episodes of vertigo 
occurred from two days to 1.5 years 
before the attacks of vertigo were 
associated with other neurologic 
symptoms. 

The infarction group consisted of 42 
patients (20 men and 22 women; ages 
63 + 10 years, range, 40 to 81 years). 
They typically reported a prolonged 
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Table 2.—lsolated Episodes of Vertigo 
Before Infarction in the Vertebrobasilar 
Circulation * 


No. With Prior 
tsolated Episodes 
of Vertigo 


Location of 
Infarct 


PICA territory 
AICA territory 
Cerebellar 
Labyrinthine 
Multifocal 
Total 


Total 


*PICA indicates posterior inferior cerebellar 
artery; and AICA, anterior inferior cerebellar artery. 


bout of vertigo (lasting hours to days) 
along with other neurologic symptoms 
consistent with the areas of infarc- 
tion. Twelve had isolated episodes of 
vertigo (all lasting minutes) for from 
one day to two years before the infarc- 
tion (Table 2). These isolated episodes 
of vertigo preceded all categories of 
infarction except Wallenberg’s syn- 
drome. 


Vestibular Function Testing 


Thirty-five patients had a signifi- 
cantly decreased? or absent response 
to caloric stimulation on one side (Ta- 
ble 3). The 12 with no response were 
all in the infarction group (four AICA, 
six multifocal, two labyrinth alone); 
eight of them had absent hearing on 
the same side. A directional prepon- 
derance‘ to caloric stimulation (nonlo- 
calizing) was an infrequent finding in 
both groups. 

Peripheral spontaneous nystagmus 
(present only with eyes open in dark- 
ness) occurred in both groups, where- 
as central spontaneeus nystagmus 
(present with fixation) occurred only 
in the infarct group (six PICA, three 
AICA, two multifocal). Typical benign 
paroxysmal positional nystagmus’ 
(torsional upbeat, fatigable) was iden- 
tified in five patients; each of these 
exhibited a vestibular paresis to calo- 
ric stimulation on the side that was 
undermost when the positional nys- 
tagmus was induced. Central paroxys- 
mal positional nystagmus (pure verti- 
cal, nonfatigable) occurred in nine 
patients (seven in the infarction 
group); it was not associated with 
abnormalities on caloric testing. 

Symmetrie impairment of smooth 
pursuit was a common finding in both 
groups, but as we previously re- 
ported,’ it was also a common finding 
in elderly normal subjects and there- 
fore of little diagnostic use. Asymmet- 
ric smooth pursuit was only seen in 
patients from the infarction group; it 
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Central paroxysmal positional nystagmus 


* VBI indieates vertebrobasilar insufficiency. 


was usually accompanied by central 
spontaneous nystagmus. 


COMMENT 


We found a surprisingly high inci- 
dence of isolated episodes of vertigo in 
8% patients who presented to our neu- 
re-otology clinic with vertigo of pre- 
samed vascular origin. Sixty-two per- 
cnt of patients with VBI (diagnosis 
based on the characteristic combina- 
tən of symptoms) had at least one 
isolated episode of vertigo; in 19% 
\BI began with an isolated episode of 
vertigo. Twenty-rine percent of 
patients with infaretion in the distri- 
bution of the vertebrobasilar system 
kad at least one isolated episode of 
vertigo before the infarction. The iso- 
lated episodes of vertigo usually did 
pet persist for more than a few 
months, although in two patients they 
lasted fer between one and two years. 
@®ne of these latter patients went on to 
eevelop typical symptoms of VBI, and 
the other suffered a stroke within the 
aICA territory (including the laby- 
ninth). 

How did we know that these iso- 
‘ated episodes of vertigo were due to 
-ransient ischemia within the posteri- 
er circulation? Patients in the VBI 
group reported at least one episode of 
-he typical combination of symptoms 
seen with ischemia in the posterior 
-ireulation (Table 1). Those with iso- 
ated episodes of vertigo reported the 
same vertiginous sensation in combi- 
zation with other symptoms at other 
simes. Of the 12 patients with isolated 
=pisodes of vertige thet subsequently 
jeveloped infarction within the poste- 
rior circulation, seven had evidence of 
infarction of one labyrinth (unilateral 
deafness and absent caloric re- 
sponse). 

Could the isolated episodes of verti- 
zo have been due co scme other cause 
such as a benign inner ear disorder? 
Of the common inner ear disorders, 
mone produces abrupt episodes of ver- 
tigo lasting minutes.” The most com- 
mon vertiginous syndrome, benign 
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“able 3.—Vestibular Abnormalities in 84 Patients With Vertigo of Cerebrovascular Origin* 
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VBI Infarction 
(n = 42) (n = 42) 
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positional vertigo, produces episodes 
lasting less than a minute, usually 
less than 30 s, always induced by 
position change. The episodes of verti- 
go with Meniere’s disease typically 
last several hours and are nearly 
always associated with hearing loss, 
tinnitus, and ear pressure. Vestibular 
neuritis and labyrinthitis typically 
result in prolonged episodes of vertigo 
gradually resolving over days to 
weeks. Migraine can be associated 
with transient episodes of vertigo 
lasting minutes, presumably on a vas- 
cular basis.’ Some of our patients may 
have had migraine equivalents,” 
although none of them had a history 
of migraine or a family history of 
migraine. 

Despite the recent rapid advances 
in neuroimaging techniques, the diag- 
nosis of ischemia within the posterior 
circulation is primarily a clinical 
diagnosis. Both MR and CT scanning 
were helpful when they correlated 
with clinical signs of infarction, but 
they were of no help in patients with 
transient ischemia (group 1). Angiog- 
raphy was abnormal in all patients 
studied, but often the findings did not 
adequately explain the clinical symp- 
toms and signs. 

If one accepts the premise that the 
episodes of vertigo in most or all of 
these patients were due to ischemia 
within the posterior circulation, what 
structure or structures suffered the 
ischemia? When the vertigo was 
accompanied by other symptoms of 
brain-stem ischemia, one could rea- 
sonably argue tht the vertigo resulted 
from ischemia of the vestibular nuclei 
in the lateral medulla. Isolated epi- 
sodes of vertigo are difficult to 
explain on this basis, however. The 
anatomy of the vasculature in that 
region could not explain selective 
ischemia to the vestibular nucleus 
with sparing of surrounding struc- 
tures. Even if the vestibular nucleus 
neurons were more sensitive to ische- 
mia than surrounding structures, one 
would expect only a relative differ- 


ence in sensitivity, not a complete 
sparing of surrounding structures. 
We believe that these isolated epi- 
sodes of vertigo can best be explained 
on the basis of transient ischemia to 
the vestibular labyrinth. Damage to 
the vestibular labyrinth, manifested 
by a significant decreased response to 
caloric stimulation on one side, 
occurred in 42% of patients overall. 
Seven patients had isolated episodes 
of vertigo before developing infarc- 
tion of one labyrinth (absent hearing 
and caloric response on one side). The 
fact that patients who subsequently 
infarcted their entire labyrinth had 
preceding episodes of vertigo without 
hearing loss suggests that the vestibu- 
lar labyrinth is more susceptible to 
transient ischemia within the posteri- 
or circulation than is the cochlea. 
Within the inner ear, the internal 
auditory artery gives off two 
branches: a larger common cochlear 
artery that supplies the cochlea and 
the inferior part of the vestibular 
labyrinth, and a smaller anterior ves- 
tibular artery that supplies the supe- 
rior part of the vestibular labyrinth 
including the horizontal semicircular 
canal and the utricular macule.” 
There are anastomoses between these 
two arteries at the level of the inferior 
vestibular labyrinth but not the supe- 
rior vestibular labyrinth. Further- 
more, there is no collateral circulation 
to the membranous labyrinth from 
the otic capsule. Presumably, because 
of the small caliber of the anterior 
vestibular artery and the lack of col- 


laterals, the superior vestibular laby- — 


rinth is selectively susceptible to is- 
chemia. 

The association of benign positional 
vertigo with labyrinthine infarction 


can also be explained by selective vul- — 


nerability of the superior vestibular 


labyrinth. Since the ampulla of the © 


posterior semicircular canal receives 
its blood supply via the common coch- 
lear artery, it may still be functional 
after infarction of the utricular mac- 








ule and horizontal and anterior — 


canals. Schuknecht’ postulated that 


calcium carbonate crystals dislodged — 


from an infarcted utricular macule 
become attached to the cupula of the 
posterior semicircular canal. The 
“heavy” cupula is then sensitive to 
changes in the direction of gravity 
(with positional changes). From a 
clinical point of view, it is important 


to be aware that patients can develop — 


DA 
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typical benign paroxysmal positional — 


vertigo as a sequela of labyrinthine 
ischemia. In such patients, recurrent 


episodes of positional vertigo do not — 


indicate recurrent ischemic attacks 
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Pathophysiology, Di 


but rather are the residual of a prior 
infarction of the superior vestibular 
labyrinth. 

In conclusion, the sudden onset of 
vertigo lasting minutes in a patient 
with known cerebrovascular disease 
strongly suggests an ischemic cause. 
Some of these patients will go on to 
develop other typical symptoms of 
VBI, some will go on to suffer infarc- 
tion, and some may have multiple 
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isolated episodes without ever devel- 
oping other symptoms and signs of 
basilar vertebral ischemia. Over the 
same period, we have seen 16 cases 
with abrupt episodes of vertigo last- 
ing minutes but unassociated with 
other neurologic symptoms or signs. 
Twelve had either a stroke or tran- 
sient ischemic attacks in the anterior 
carotid circulation before or after the 
episodic vertigo. In 15 these episodes 
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@® Memory performance during the 
intracarotid amobarbital sodium (Amytal 
sodium procedure was examined in 40 
patients as part of their diagnostic work- 
up as candidates for epilepsy surgery. 
Free recall was significantly better follow- 
ine rig! hemisphereinjection although no 
lett, rignt difference was present during 
recognition assessment. However, the 
occurrence of false-pcsitive (FP) recogni- 
tion emors was significantly more fre- 
quent ollowing left hemisphere injection. 
In all conditions, no relationship to sei- 
zure facus was observed. Patients with 
FP errers displayed poorer delayed verbal 
memory during baseline neuropsychologi- 
cal ass=ssment compared with patients 
withouf FP errors. Data indicate an 
inverse relationship between FP errors 
anrd repent verbal memory function, and 
they seggest that impaired memory rather 
then ailure to suppress incorrect 
responses secondary to poor self-moni- 
toring capacity is responsible for the gen- 
erstiomof FP and intrusion errors. 

Aran Neuro! 1989;46:285-287) 


Patents undergoing temporal lobec- 

tomy as an attempt to control seil- 
zure activity from intractable epilep- 
sy are at risk for the development of a 
pestsurgical anterograde memory 
deficit? To minimize the likelihood of 
pestonerative memory loss, centers 
performing epilepsy surgery conduct 
specialized memory assessment dur- 
img the intracarotid amobarbital 
(amytal) sodium procedure.’ In this 
way, an attempt can be made to deter- 
mime E the temporal lobe contralater- 
a to <he temporal lobectomy can sub- 
serve the acquisition of new material 
immo memory Patients who fail to 
recall or recognize material presented 
daring the intracarotid amobarbital 
test ave judged to be at risk for post- 
surgical anterograde memory defi- 
cits. 

Memory assessment during the 
intraearetid amobarbital procedure 
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varies among centers, but generally, 
some combination of words, pictures, 
or objects is presented to the subject 
during the period of hemispheric 
anesthesia.’ If discrete rather than 
continuous stimulus presentation is 
performed, the patient is asked to 
recall freely the presented material 
following return to baseline. If the 
patient is unable to spontaneously 
recall the information, recognition 
memory is assessed. Performance is 
typically characterized by the number 
of items correctly recalled and/or rec- 
ognized. However, in addition to omis- 
sion errors during recognition assess- 
ment, an additional memory failure 
can occur, namely, false-positive (FP) 
errors. False-positive errors, a form of 
intrusion errors, are incorrect “recog- 
nitions” of objects never presented as 
opposed to recognition failure. In this 
study, we examined memory perfor- 
mance, including FP errors, during 
intracarotid amobarbital procedures 
and evaluated the relationship to 
baseline neuropsychological memory 
performance. 


PATIENTS AND METHODS 


We studied 40 patients with epilepsy 
undergoing intracarotid amobarbital eval- 
uation as part of their evaluation for epi- 
lepsy surgery. The patients averaged 31.4 
(SD = 10.4) years of age; all but one patient 
were right-handed. A representative num- 
ber of male and female patients were 
included (25 male, 15 female). Thirty-nine 
patients were administered the Wechsler 
Adult Intelligence Scale-Revised. Thirty- 
two patients were administered the Selec- 
tive Reminding test (SRT),° and the Rey- 
Osterrieth Complex Figure (CF)° was per- 
formed by 36 patients. Mean performance 
(+SD) on the Wechsler Adult Intelligence 
Scale-Revised was as follows: Full Scale 
IQ, 84.1 + 9.6; Verbal IQ, 85.3 + 10.1; and 
Performance IQ, 84.9 + 10.5. 

On the basis of multiple ictal electroen- 
cephalographic recordings obtained using 
scalp/sphenoidal or scalp/depth elec- 
trodes, seizure onset was localized to a 
single hemisphere in 32 patients (left 
hemisphere, 12 patients; right hemisphere, 
20 patients) with eight additional patients 
displaying diffuse or bilateral seizure 
onset. Clinical seizure information is pre- 
sented in Table 1. 

Intracarotid amobarbital injections 
were administered via catheter following a 
transfemoral approach; intracarotid amo- 
barbital dosages were determined on an 
individual basis. All patients received 


aS àgi bz <u EE 


The Intracarotid Amobarbital Sodium Procedure 


False-positive Errors During Recognition Memory Assessment 


incremental injections of amobarbital 
sodium in 5% solution tinitial dose, 50 to 75 
mg with 25-mg increments) necessary to 
produce a contralateral hemiplegia. Mean 
(+SD) left hemisphere dose was 105.6 + 
36.5 mg; mean (+SD) right hemisphere 
dose was 103.4 + 30.9 mg. Injections were 


administered by hand over a 4-s interval,. 


and the order of injection was sequentially 
alternated. Left and right intracarotid 
amobarbital testing and arteriograms 
were performed on the same day. Patients 
were retested before the second injection 
to ensure return to baseline. In this sample 
of patients, the arteriogram for each hemi- 
sphere immediately preceded the intraca- 
rotid amobarbital injections. Sessions 
were videotaped for subsequent review. 
Cerebral dominance fer propositional lan- 
guage was based on speech arrest, compre- 
hension, repetition, and naming during the 
intracarotid amobarbital procedure. No 
patients were found to have right hemi- 
sphere speech dominance, although four 
had bilateral speech representation. 

Two objects were presented after mini- 
mal return of receptive language function 
as determined by the patient’s ability to 
execute simple commands (set A: screw- 
driver, pipe; set B: comb, spoon). The sub- 
ject was first asked te name each object, 
and if unable to do so, the name of each 
object was provided and its repetition 
requested. Following object presentation 
and after complete return of strength, 
tone, and language functions, the patient 
was asked to recall the objects presented 
during the test. Failing this, the names of 
five objects were read to the patient, and 
the patient was to indicate which of the 
objects he/she recognized. Set A foils were 
hammer, key. and peperclip; set B foils 
were watch, knife, and scissors. Thus, one 
foil that was primarily semantically re- 
lated to one target in each set was includ- 
ed. Patients were not told the number of 
objects presented. Free recall, recognition 
memory, and number of FP errors were 
recorded. If a patient was able to recall an 
item spontaneously, that item was deleted 
from the recognition list and was scored as 
correct recognition. 


RESULTS 


Mean free recall (+SD) following 


left hemisphere injection was 0.15 + 
0.43 and following right hemisphere 
injection it was 0.55 + 0.87. This dif- 
ference was investigated statistically 
using the Wilcoxon signed-rank test 
due to the limited range of the depen- 
dent variable and was found to be 
statistically significant (z = 2.63, 
n=12, P< .008). Mean recognition 
performance (+SD), considering free 
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Seizure Onset 
L frontotemporal 
L frontal 
L medial temporal with surgery 
L medial temporal without surgery 
L other 
Nonlocalized / diffuse 
Bilateral independent 
R frontal 
R medial temporal with surgery 
R medial temporal without surgery 
R other 
Total 


*L indicates left hemisphere FP errors only; R, right hemisphere FP errors only; L>R, FP errors following 
both injections with greater number following left hemisphere injection; L = R, FP errors following both 


injections with equal number on both sides. 


No. of Subjects 





Table 1.—Clinical Seizure Information: Relationship to Presence 
of False-positive (FP) Errors 


FP Errors* 


None 

2L 

1L,1L>R 
None 
1L,1L>R,1R 
None 


1L,1R,1L =R 
2L>R 

1L,1R 

16 





Table 2.—Demographic Information of the Patients Forming Two Subject Groups Based 
on Presence/ Absence of False-positive (FP) Errors 


FP Errors (SD) 


_-_----eeO-_-’/}/-/7"-——--——--—_———— 


Age, y 


Education, y 
Full-Scale IQ 
Verbal IQ 
Performance IQ 


Absence 
29.8 (8.2) 
12.3 (2.0) 
85.2 (9.3) 
86.4 (10.0) 
86.1 (10.5) 


Presence 
33.8 (13.0) 


11.4 (3.1) 
82.5 (10.1) 
83.9 (10.5) 
83.2 (10.6) 





Table 3.—Memory Measures Using Presence / Absence of False-positive (FP) Errors, 
Low/High Recognition, and Presence/ Absence of Free Recall as Classification Variables * 


Delayed Selective 
Reminding Recall 


FP errors 
Presence 


Absence 


Recognition 
Low 


Free recall 
Presence 


Absence 


* Values are means + SDs. 


recall as evidence of correct recogni- 
tion, was 1.20 + 0.72 following left 
hemisphere injection and 1.52 + 0.68 
following right hemisphere injection. 
This difference is not statistically sig- 
nificant (z = 1.63, n = 27, P > .05). For 
patients with primarily unilateral 
temporal lobe dysfunction (including 
two patients with frontotemporal dys- 
function), the following mean recogni- 
tion performance levels (+SD) were 
obtained: left focus (n= 10): left 
intracarotid amobarbital procedure, 
1.3 + 0.7; right intracarotid amobar- 
bital procedure, 1.3 + 0.7; and right 
focus (n = 14): left intracarotid amo- 
barbital procedure, 0.8 + 0.8; right 
intracarotid amobarbital procedure, 
1.6 + 0.6. Group comparisons re- 
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Complex Figure 
Delay 


12.6 + 7.7 
15.5 + 6.8 


12.4 + 6.6 
15.7 + 7.5 


13.5 + 6.1 
14.8 + 7.9 





vealed no statistically significant dif- 
ference in recognition for either left 
intracarotid amobarbital procedure 
(z = 0.50, n=14, P>.05) or right 
intracarotid amobarbital procedure 
(z = 0.69, n = 14, P > .05). 
False-positive errors were observed 
in 16 (40%) of the patients examined, 
15 of whom were right-handed and 
had left cerebral hemisphere domi- 
nance for language. The remaining 
patient had left hemisphere domi- 
nance for language although evidence 
of some right hemisphere language 
representation was present. In eight 
patients, FP errors were associated 
only with the left hemisphere injec- 
tion. In four additional patients, a 
greater number of FP errors were 


observed following the left hemi- 
sphere injection. One patient dis- 
played a single FP error following 
injection of each hemisphere. In the 
three remaining patients, FP errors 
were observed following injection to 
the right hemisphere. To test the 
apparent left/right asymmetry of FP 
errors against the null hypothesis, we 
examined the frequency of left, or 
mostly left, FP errors compared with 
the right FP errors using tail-end 
probability of the binomial distribu- 
tion (sign test). This value was statis- 
tically significant (P < .02), sugges- 
ting an increased occurrence of FP 
recognition errors following left 
hemisphere injection. In the 16 
patients displaying FP errors, the 
mean number (+SD) of FP errors 
following left hemisphere injection 
was 1.37 + 0.96 and following right 
hemisphere injection was 0.69 + 0.87. 
Of the four patients with evidence of 
bilateral speech, only one patient dis- 
played FP errors. In this patient, two 
errors were present following left 
hemisphere injection and cne error 
was present following right hemi- 
sphere injection. The presence of FP 
recognition errors occurred indepen- 
dently of seizure focus (Table 1). 

A x? examining FP errors as a func- 
tion of object naming was computed 
to investigate if object naming ability 
was related to the presence of FP 
errors, and this value was not statisti- 
cally significant (x? = 2.9, df= 6, not 
significant). Thus, the presence of FP 
errors following left hemisphere 
injection was unrelated to naming 
ability. 

The patients were grouped using 
presence or absence of FP errors as 
the classification variable. Both 
groups were equivalent on potentially 
relevant demographic variables and 
level of general cognitive functioning 
(Table 2). Repeated measure analyses 
of variance were then conducted on 
delayed memory variables from the 
baseline neuropsychological evalua- 
tion. Of particular note is the sig- 
nificant group difference for de- 
layed selective reminding recall 
(F'[1,31] = 7.46, P < .01) with signifi- 
cantly poorer performance observed 
for the patients who displayed FP 
recognition errors during the intraca- 
rotid amobarbital procedure (Table 3). 
No significant difference was ob- 
served in delayed CF recall 
(F[1,35] = 1.34, P>.05). Order of 
injection was not related to number of 
FP errors (z = 1.19, n = 15, P > .05) 
with a comparable number of FP 
errors following the first and second 
intracarotid amobarbital injections. 

Delayed baseline memory perfor- 
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IN 


mancewas compared in patients with 
free reeall of at least one object with 
these “ailing free recall. No signifi- 
cant dE erence was present in delayed 
sertie reminding (F[1,31] = 1.50, 
P>.05= or delayed CF performance 
(F"1,3= = 0.23, P> .05). indicating 
that fre recall ability is less related 
to basi ine memory performance (ie, 
detayes SRT) than FP recognition 
errors. Similar analyses using recog- 
nition score classification (low = 1,2; 
high =3,4) were nonsignificant (SRT 
delay: F[1,31]=019, P>.05; CF 
delay: F'[1,85] = 1.82, P > .05). Mean 
performance levels for both analyses 
are presented in Table 3. 


COMMENT 


im ths series of patients, FP errors 
folewmg intracarotid amobarbital 
injectien oecurred more frequently 
folewmg left hemisphere injection 
regardess of seizure onset site. Fur- 
ther, smce FP errors appear related to 
baselim neuropsychological verbal 
memory, the presence of FP errors 
suggess memory dysfunction rather 
than a>esponse bias. In contrast, free 
recall sas more frequently observed 
fol.ewimg right hemisphere injection 
and wes not related to baseline verbal 
memory. No left/right difference for 
Tecagm tion memory was present, and 
neither low nor high recognition 
scares were related to baseline memo- 
Ty pertermance. 

Real objects are presented during 
our intracarotid amobarbital proce- 
dure = stimulus materials because 
they are ecologically valid measures 
of recent memory ability. Further, 
when tempting to determine if a 
patient is at risk for the development 
of 2 simnificant anterograde memory 
deficit, which presumably requires 
bilatersl mesial temporal lobe dys- 
funetiam, the demonstration of mate- 
ria. specific memory deficits would be 
less irformative. Nevertheless, the 
effect of greater free recall ability 
folwewiag right hemisphere injection 
likety telates to the largely verbal 
namre of the memory task. The 
patient is asked to name each object, 
which =nsures attention to the items 
in addtion to providing evidence of 
intact maming. Although some pa- 
tiemts <re unable to name the objects, 
an attempt at naming is usually made. 
The omginal objects are presented 
viswall= however, free recall (and rec- 
ognition) is principally mediated by 
aucitors/verbal medes. This format 
was se@ected to attempt assessment 
using =n ecologically valid format 
since esisodic recall is typically audi- 
tory/verbal. Given the large verbal 
coraporent, it is nct-surprising to have 
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poorer free object recall following left 
hemisphere injection. 

It is interesting to speculate regard- 
ing the cause of FP errors in our 
group. Risse and Gazzaniga’ postulate 
that information presented to the 
right hemisphere during left hemi- 
sphere anesthesia is inaccessible to 
linguistic analysis, even after medica- 
tion effects have worn off. However, 
their results are partially confounded 
by employing a free recall format for 
verbal recall (ie, left hemisphere) and 
a recognition format for their nonver- 
bal (ie, right hemisphere) memory 
measure. Since we employed verbal 
recognition, no procedural difference 
between right and left hemisphere 
recall exists. Nevertheless, our results 
are compatible with the thesis of 
Risse and Gazzaniga. It may be that 
by presenting the objects after mini- 
mal return of language function, yet 
still with residual language impair- 
ment, the material was linguistically 
encoded in degraded form, thereby 
producing a greater number of FP 
errors. 

Impaired language function at the 
time of stimulus presentation cannot 
be the sole explanation for FP errors, 
however, since their occurrence 
appears related to baseline verbal 
memory. In addition, the presence of 
FP errors following right hemisphere 
intracarotid amobarbital injection 
suggests that FP errors are not strict- 
ly a verbal phenomenon. Examination 
of FP errors as a function of item 
naming during left intracarotid amo- 
barbital injection revealed no rela- 
tionship, indicating that FP errors 
were present independently from 
naming ability. Thus, language ability 
by itself is insufficient to account for 
FP generation in the present report. 

The mechanisms responsible for FP 
and intrusion errors are not well 
understood. Based on our data, FP 
errors are associated with poorer 
baseline verbal memory function. 
This association is consistent with the 
observation that intrusion errors are 
more common in patients with 
impaired recent memory. Shindler et 
al? suggest that, in addition to poor 
memory, intrusion errors result from 
a failure to suppress incorrect 
responses secondary to poor self-mon- 
itoring capacity. However, our data 
suggest a greater role for impaired 
memory in the generation of FP and 
intrusion errors. Although deficits in 
self-monitoring capacity may be pro- 
duced by pharmacologic inactivation 
of frontal lobe function during intra- 
carotid amobarbital injection, these 
effects are transient and would not be 
expected to contribute to memory per- 


formance after the medication effects 
have worn off. In contrast, the phar- 
macologic effects on memory encoding 
occur during stimulus presentation. 
Hence, material stored in weak or 
degraded form will remain abnormal 
after the patient’s mental status has 
returned to baseline. 

In a study examining the effects of 
electrical hippocampal stimulation 
with depth eleetrodes during memory 
performance, we observed more intru- 
sion errors during stimulation contra- 
lateral to seizure onset, suggesting a 
strong relationship between FP errors 
and memory functioring.’ Since it has 
recently been demonstrated that 
memory of material presented during 
the initial confusional state immedi- 
ately following intracarotid amobar- 
bital injection can occur,” we are 
examining the effects of early item 
presentation for material presented 
immediately after hemiplegia onset to 
determine if this differential hemi- 
spheric effect of FP errors is still 
observed. Further research using non- 
verbal recognition will be necessary to 
examine the specificity of our 
results. 


This investigation was supported in part by 
grant K08 AG00314 from the National Institutes 
of Health, Bethesda, Md. Patricia A. Downs 
assisted with manuscript preparation, and 
Elaine E. Thompson assisted with the statistical 
treatment of the data. 
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e interobserver agreement in the clini- 
cal diagnosis of multiple sclerosis (MS) 
ameng six neurologists was evaluated. 
Thæe of them participated in a study of 
the clinical diagnosis of MS, the Italian 
Muticenter Study (IMS). The raters exam- 
ine@ the clinical forms of MS of 50 
pattents randomly selected from among 
43C patients recruited from the IMS. For 
eac patient, neurologists were asked to 
make a diagnosis according to the 
McBonald-Halliday classification system 
of MS. The overall agreement on the diag- 
nosis (MS present or absent) was fair, 
with no difference noted between the two 
groups of raters. Considering the six diag- 
nosic levels instead, the reliability was 
higher for the neurologists participating in 
the IMS program. These neurologists 
agreed particularity en the Clinically Defi- 
nite and Progressive Possible classifica- 
tiors. Complete disagreement was ob- 
served for the Early Probable or Latent 
and Progressive Probabile classifications. 
Beceuse of the different level of agree- 
mert on diagnosis, we suggest separate 
consideration of Clinically Definite and 
Progressive Probable MS cases in clinical 
trias and epidemioiogic studies of this 
disease. l 

(Arch Neurol 1989;46:289-292) 
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Clinical research on multiple sclero- 
sis (MS), using mainly cooperative 
epidemiologic studies, is difficult 
because the lack of a specific diagnos- 
tic test must make the diagnosis only 
probable. The list of common signs 
and symptoms of the disease is of 
limited value. These signs and symp- 
toms may be associated with other 
diseases or be absent in MS.’ 

Laboratory tests may also support 
the diagnosis of MS or exclude other 
diseases, but no one laboratory test is 
specific. Their sensitivity differs in 
various studies and their results must 
be interpreted in the light of clinical 
data." 

Several diagnostic classifications 
have been proposed that attempt to 
deal with the varying degrees of confi- 
dence with which the diagnosis of MS 
can be made without pathologic veri- 
fication. 

Our aim was to examine the reli- 
ability of a diagnosis of MS made by 
different neurologists using the 
McDonald-Halliday classification sys- 
tem.* The tendency to infer, rather 
than seek evidence for a history of and 
examination for MS, the use of differ- 
ent tests, and the diagnostic act itself 
are all causes of disagreement among 
physicians.** In our study, disagree- 
ment in gathering clinical data was 
excluded. Using a standardized form, 
the neurologists were asked to make a 
diagnosis using data recorded at 
patient recruitment. Differences in 
interpreting the results of diagnostic 
tests were also excluded by using a 
clinical classification system. Finally, 
the diagnostic criteria were the same 
for all neurologists. 


SUBJECTS AND METHODS 
Methods 


A cooperative case-control study on MS, 
the Italian Multicenter Study (IMS), began 
in December 1983 in 35 neurology depart- 
ments. By Dec 31, 1985, data from a total of 


430 hospitalized cases cf newly diagnosed 
MS were collected. At each center, the 


patients were examinel by a designated — 


neurologist who collected the data on a 
standardized form. 

The neurologists decided to use the 
McDonald-Halliday classification of MS, 
which is presented in Teble 1. The decision 
was taken for reasons cf feasibility, since 
not all the centers were able to have their 
patients undergo the whole set of laborato- 
ry tests required by ather classification 
systems.’ 

Fifty of the forms 30 compiled were 
selected randomly. The main characteris- 
tics of these patients are reported in Ta- 
ble 2. 

The forms so selected belonged to cases 
included in the study as well as those 
refused by the clinical board appointed for 
the case-control study because of poor test- 
ing or incorrect diagnos- s (10%). 

The photocopied forms were sent to six 
neurologists. Three neunologists, who par- 
ticipated in the IMS, were from hospitals 
in Trento, Ancona, and Falermo, Italy, and 
the other three, who did not participate in 
the IMS, were from hospitals in Milan, Fi- 
renze, and Messina, Italy. All neurologists 
involved had comparab e clinical experi- 
ence. 

The forms included medical and neuro- 
logic history, results of neurologic exami- 
nation, results of laboratory tests, and 
results of other invest.gations, such as 
computed tomographic sean and myelogra- 
phy, that are helpful in eliminating other 
conditions. 

The six neurologists were asked to pro- 
vide the diagnosis for eazh patient accord- 
ing to the McDonald-Ha_liday criteria. 

It was also decided to include the catego- 
ry “Not MS,” in order to evaluate interob- 
server agreement on primary diagnosis (ie, 
whether MS was present or absent). 

All six neurologists agreed to participate 
in this investigation and all answered the 
diagnostic questions for all eases. 


Statistical Aralysis 
The «x statistic was used as a measure of 
diagnostic agreement. It -akes into account 


and corrects for chance-explained agree- 
ment.” 
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Classification 
Proved 
Clinically Definite 












abnormalities 








Early Probable or Latent 







Progressive Probable 





Progressive Possible 





Suspected 


Single episode suggestive of MS and evidence of lesions 
at two or more necessarily separate sites in CNS; or 
remitting and relapsing course and evidence of only one 
lesion associated with MS 


Progressive history of paraplegia; evidence of lesions at 
two or more necessarily separated sites in CNS; other 
causes excluded 


Progressive history of paraplegia; evidence of only one 
lesion; other causes excluded 


Single episode suggestive of MS without evidence of any 
lesion or with evidence of single lesion only or recurrent 
optic neuritis with one additional episode not involving 

optic nerve but without evidence of lesions outside eye 


Criteria 


Diagnosis established at necropsy 


Remitting and relapsing history with two or more episodes; 
evidence of lesion at two or more necessarily separate 
sites in central nervous system (CNS); lesions 
predominantly in white matter; age at onset of 
symptoms, 10-50 y; history of signs and symptoms for 
one year or longer; no better explanation for observed 





*From McDonald and Halliday.* MS indicates multiple sclerosis. 


The formula is as follows: 
x = (Po — Pe)/(1 — Pe) 
where Po is the crude proportion of agree- 
ment and Pe is the chance-explained pro- 
portion of agreement. Estimates with their 
SEs were computed using the program 
described by Holman." 

For complete agreement, x = 1.00; for a 
completely chance-explained agreement, 
x = 0.00. A negative «x value significantly 
different from zero suggests systematic 
disagreement. Statistical significance of x 
values may be tested, considering that the 
quantity Z = x/SE (x) (x value divided by 
its SE) has an asymptotically gaussian 
distribution. The interpretation of the dif- 
ferent x values is shown in Table 3. 

x Values can be generalized to R raters 
and N diagnostic categories. In our study, 
there were six raters and six diagnostic 
categories. 


RESULTS 


The assignment to each diagnostic 
category made by each neurologist is 
shown in Table 4. These findings sug- 
gest a more homogeneous diagnostic 
attitude among IMS neurologists than 
among other neurologists. 

The chance-corrected level of agree- 
ment was fair for the IMS neurolo- 
gists (x = .32), and it was only slight 
for the other neurologists (x = .19). 
This difference was statistically sig- 
nificant at the x = .01 level (Figure). 
When the six categories were col- 
lapsed into a primary diagnosis, ie, 
“not MS” (suspected MS and not MS) 
and “MS present” (all other cases), 
the chance-corrected levels of agree- 
ment were fair both for the IMS neu- 
rologists (x =.41) and for the other 
neurologists (x = .50). The difference 
was not statistically significant. 

These results indicate that increas- 
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Table 2.—Main Characteristics 
of Subjects 


Characteristic 


No. of patients 31 19 

Mean age at 30.8 32.1 
onset, y (t8, 45) (21, 47) 
(youngest, 
oldest) 

Mean age at 36.2 36.0 
diagnosis, y (18, 59) (21, 50) 
(youngest, 
oldest) 

Mean duration, Á 3.8 
y (SD) 





ing the number of categories lowers 
the level of interebserver agreement, 
as suggested by Koran.’ They also 
confirm our hypothesis that neurolo- 
gists collaborating in a common 
research program and using common 
diagnostic criteria can achieve a good 
level of agreement, even using a mul- 
ticategory classification scheme. 

In order to assess the reliability of 
the McDonald-Halliday classification 
of MS, we limited the next analysis to 
the IMS neurologists, since they 
proved to have a more homogeneous 
diagnostic attitude and to be more 
confident in using this classification 
system. 

Given that the « statistic is an aver- 
age of category-specific x values, we 
also estimated the level of agreement 
for each category. 

A good level of agreement resulted 
for the Clinically Definite and Pro- 
gressive Possible classifications of MS 
as follows: x = .54 and x = .51, respec- 
tively (P <.01). A chance-explained 
agreement resulted for the Early 
Probable classification of MS as fol- 


Bilateral optic nerve lesions are counted as single lesion 
only; cases of shorter duration otherwise fulfilling these 
criteria are classified as early probable or latent 


Cases suggestive of acute disseminated encephalomyelitis 
and transverse myelitis are excluded 


Recurrent optic neuritis without other features is excluded 





Comment 








































Table 3.—Labels Assigned to 
Corresponding Ranges of x 


Strength of 
Agreement 


<.00 Poor 












.00-.20 Slight 
.21-.40 Fair 
41-.60 Moderate 
Substantial 






Almost perfect 





*From Landis and Koch. '9 


lows: x = —.01 (not significant). For 
the Progressive Probable classifica- 
tion of MS, x= .09 (not significant). 
For the remaining two categories, 
Suspected and Not MS, the «x values 
were .85 and .29, respectively 
(P < .01). 

In order to better understand the 
extent of disagreement for each cate- 
gory, we undertook an analysis of 
conditional x values, according to the 
criteria of Holman et al.” 

The conditional «x statistic refers to 
the probability that a patient 
assigned by a neurologist to the i-th 
category will be assigned to any other 
j-th category by another neurologist. 
Conditional «x values are shown in 
Table 5. 

The highest levels of agreement 
were achieved on the Clinically Defi- 
nite and Progressive Possible catego- 
ries. The neurologists had little diffi- 
culty in distinguishing these two cate- 
gories from the others, as shown by 
significant negative « values. 

The «x values for Early Probable or 
Latent and Progressive Probable clas- 
sifications, which were nearly zero, 
indicate a chance-explained agree- 
ment and a less-satisfactory identifi- 
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Table 1.—Criteria for Classification of Cases of MS* 


cation of these categories from the 
others. 


COMMENT 


O The number of articles dealing with 
the problem of interobserver variabil- 
ity in the diagnosis of MS is limit- 
ed =t 

The accuracy in the clinical diagno- 
sis əf MS for 30 autoptic cases was 
40% among 108 neurolog:sts from dif- 
ferent countries.” In 1953, Westlund 
anc Kurland” verified the agreement 
between two neurologists in MS diag- 
nosis on two clinical series of patients 
using four diagnostic levels. We have 
apolied the « statistic to the data they 
gathered and have obtained « values 

@ of 28 and .28 for the two series of 
patients. 

A diagnostic classification for MS 
may be of limited valu2 in clinical 
practice; on the contrary, it becomes 
essential in multicenter clinical and 
therapeutic trials. In this case, it is 
also necessary that the elassification 
be uniformly applied in each center. 
‘Thisxis not easy to obtain, particularly 
if ‘he adopted classification requires 
laboratory test results.* Moreover, in 
spite of the considerabl2 diagnostic 
cortribution supplied by laboratory 
tests, it still has to be verified how 

K much such laboratory tests improve 

diaznostic reliability. In our study, 
the agreement for primary diagnosis 
of MS was similar for the two groups 
of raters. Considering the six diagnos- 
tic eategories, the IMS neurologists, 
using common definitions and opera- 
tive eriteria, achieved higher levels of 
agreement. 

The reliability for each diagnostic 
category was only then evaluated for 
this experienced group of neurolo- 
gists. 

The higher levels of agreement 
found for the Clinically Definite and 
Progressive Possible classifications of 

A MS zre probably the result of better 

r individualization of these categories. 
Thi fact is supported by the condi- 
tional x analysis. 


Clinically 

Definite 
Clinically Definite 
Eary Probable or 


Latent —.04 


Early Probable 


Neurologists 


Not Participating in 
Study, No. 


Participating in Study, No. 


Category 
Clinically Definite 


Early Probable or 
Latent 


Progressive Probable 
Progressive Possible 
Suspected 

Not MS* 


*MS indicates multiple sclerosis. 








| | x Values for Six Diagnostic Categories 





= x Values for Primary Diagnosis, ie, “MS Present” or “Not MS” 
.50 





.40 
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Raters Participating 
in Case-Control Study 


Raters Not Participating 
in Case-Control Study 
Overall agreement among six neurologists and two groups of raters considered separately. 


All Raters 


Table 5.—Conditional x Values 


Progressive 
Probable 


Progressive 


or Latent Possible 


Suspected 


“0% 


Progressive Probable .02 01 .09 i —.11 —.03 


Progressive Possible 
Suspected 


AS 


* e Malues are significant at .01 level. Each row shows chance-corrected agreement for each category compared with others. Values or diagonal (bold face) 





—.08 01 .51* 
02 —.04 —.04 


=.10 13 


eorrescond to x values for each category. MS indicates multiple sclerosis. 
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Clinically Definite MS includes sub- 


jects with prolonged clinical courses 


with more remitting and relapsing 


_ episodes and neurologic evidence of 


lesions in two or more sites in the 


-= central nervous system. 


Progressive Possible MS represents 


an easily detectable category, as it is 





__ limited to cases of progressive spastic 
~ paraparesis. 


The absence of agreement beyond 


chance found for the Early Probable 
= or Latent and Progressive Probable 
_ Classification of MS is due, in our 
_ opinion, to the greater complexity of 
the definition of these terms. 
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Conditional «x values show that 
these two categories overlap with 
both similar and dissimilar catego- 
ries. The classification into these cate- 
gories seems to be greatly influenced 
by the different weights given to even 
only one sign or symptom of MS. 

The difficulty in classifying pa- 
tients having a progressive course 
from the onset of this disease may 
represent one mere source of dis- 
agreement. An intermediate level of 
agreement was achieved for “sus- 
pected” MS. This category includes 
patients experiencing their first epi- 
sode of MS, which, therefore, presents 
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some diagnostic difficulties. 

To reflect a real-world situation, we 
included the Not MS category, and 
this may have contributed in lowering 
the degree of overall agreement. 

A classification based on clirical 
criteria still remains a valid tocl to 
conduct clinical amd therapeutic 
studies of MS. In the analysis of the 
results concerning these kinds of 
studies, we suggest that Clinically 
Definite and either probable category 
of MS not be considered together 
because of the different degree of 
agreement (fair vs none) supporting 
these two diagnostic eategories. 
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Brain-Stem Auditory Evoked Potential Abnormalities 
With Unilateral Brain-Stem Lesions Demonstrated 
by Magnetic Resonance Imaging 


Onkar N. Markand, MD, FRCPC; Martin R. Farlow, MD; 


James C. Stevens, MD; Mary K. Edwards, MD 


e Wecorrelated the brain-stem audito- 
ry evoked potential (BAEP) abnormalities 
in 24 patients with discrete unilateral 
brein-stem lesions demonstrated by mag- 
netic resonance imaging. In 18 patients 
whe had BAEP abnormalities either con- 
fined to or more severe on stimulation of 
one ear the lesion on magnetic reso- 
mance imaging was in the brain stem 
ipsilateral to the corresponding ear. Mes- 
eneephelic lesions produced amplitude 
abpormälities of the 1V/V complex while 
pontine lesions resulted in abnormalities 
of earlier components (wave II and/or Ill). 
Procjongation of the I-lll interpeak latency 
tended to occur with pontine lesions and 
of the lIV interpeak latency with mesen- 
cephalic lesions. Unilateral brain-stem 
lesions, particularly at the mesencephalic 
Tevel, often produced BAEP abnormalities 
on both ipsilateral and contralateral mon- 
aural stimulation. 

({rch Neurol 1989:46:295-299) 


Brainstem auditory evoked poten- 

tials (BAEPs) are elicited within 
10 ms of abrupt auditory stimulus, 
sud as a broad-band cliek. They are 
far-fielé reflections of electrophysio- 
logic events occurring at successively 
higher levels of brain-stem auditory 
pathways.' In the last two decades 
they have been extensively used to 
localize lesions of the brain stem 
involving the auditory pathways.’ A 
major limitation of BAE?Ps in neuro- 
loc diagnosis results from the rela- 
five uncertainty as to the precise 
locatior of their origin. Whether the 
grev-matter nuclei or the afferent 
pathways contmibute to these poten- 
tials is even controversial. There have 
been several animal studies to define 
generator loci.“ These have provided 
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conflicting results that are also diffi- 
cult to extrapolate to humans. Meager 
data exist correlating BAEP abnor- 
malities in man with anatomic lesions 
demonstrated by computed tomo- 
graphic (CT) scans*''* or neuropatho- 
logic examination at autopsy.** Em- 
ploying magnetic resonance imaging 
(MRI), which has better resolution 
than CT scans in identifying brain- 
stem lesions, we examined 24 patients 
with abnormal BAEPs who had dis- 
crete unilateral brain-stem lesions 
demonstrated on MRI. In this article 
we report correlation of BAEP abnor- 
malities to the site of brain-stem 
lesions. 


PATIENTS AND METHODS 


Magnetic resonance imaging scans of the 
head performed on patients seen at the 
Indiana University Medical Center, India- 
napolis, from June 1983 to December 1987 
were reviewed for focal abnormalities of 
the brain stem. A focal abnormality was 
defined as an area of 2 mm or more in 
diameter showing increased signal on T,- 
weighted images. Patients having a dis- 
crete unilateral brain-stem lesion were 
then screened for concomitant perfor- 
mance of BAEPs. Patients were accepted 
into the study if (1) a unilateral abnormal- 
ity appeared on the BAEPs, (2) the MRIs 
and BAEPs were performed within two 
weeks of each other, and (3) a BAEP 
abnormality was demonstrated subsequent 
to wave I. 

The precise anatomic locations of the 
lesions observed on MRI were determined 
by three independent observers (J.C.S., 
M.R.F., and M.K.E.). Lesions on MRI were 
classified as being located in the medulla, 
pons, or midbrain. Abnormalities of 
BAEPs were independently determined by 
one of the authors (O.N.M.) who was 
blinded to the results of the MRI study. 

The MRIs were performed on a resistive 
scanner apparatus operating at a field 
strength of 0.15 T or a superconducting 
scanner at 1.5 T. The BAEPs were per- 
formed by the method previously described 
by Markand et al. The BAEP abnormali- 
ties were subdivided into interpeak latency 
(IPL) and amplitude abnormalities. The 
IPL abnormalities included prolongation 
of I-III, III-V, or I-V intervals beyond 2.5 
SDs from the mean. Amplitude abnormali- 


ties consisted of absence of the wa 
IV/V complex or attenuation of tl 
complex so that its amplitude \ 
low 50% compared with the ampl 
wave I. 

For statistical analysis, Fisher 
and 50% probability tests were 
correlate the BAEP abnormalities | 
site of the lesion demonstrated by 


RESULTS 


The series comprised 24 patie 
men and 12 women. Ages range 
20 to 76 years with a mean 
years. Multiple sclerosis was 
nosed in 20, two had brain-ste 
ma, and another two had brai 
cerebrovascular accidents. 
BAEP abnormalities and MR 
ings are summarized in the Ta 


Laterality of MR and BAEF 
Abnormalities 


Ten patients had BAEP abn 
ties only on stimulation of o 
BAEPs were normal with stim 
of the other ear. All of these p 
had MRI lesions in the brai 
ipsilateral to the ear that pr 
BAEP abnormalities. 

Seven patients had BAEP 
malities on monaural stimula 
each ear but the abnormali 
more severe with stimulation 
ear. In all of these patients, t] 
lesions were in the brain stem 
eral to the ear with the more 
BAEP abnormalities. 

The remaining seven patier 
BAEP abnormalities with mı 
stimulation of each ear and the 
malities were either similar 
two ears or were so dramatic 
was not possible to determine 
er the abnormality was more 
on stimulation of one ear. One 
patients (patient 13) in this grc 
deaf in the right ear due to a 
eral auditory problem that resi 
absence of all BAEP compon 
stimulation of this ear. Left ea 
ulation produced a narmal wai 
absence of all components fo 
an attenuated wave II. This 
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Summary of Brain-Stem Auditory Evoked Potential (BAEP) and Magnetic Resonance Imaging (MRI) Findings * 
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“IPL indicates interpeak latency; N, normal; At, attenuated; and Ab, absent. 
tin patient 3, wave I-ll interval was prolonged; patient 13 was deaf in right ear; and in patient 19, wave IV/V was more attenuated on right ear stimulation. 
E IPL was more prolonged than in other ear. 






had a left pontine lesion. 

Hence, in all 18 patients whose 
BAEP abnormalities were either con- 
fined to stimulation of one ear or were 
more severe with stimulation of one 
ear, the lesion was in the brain stem 
ipsilateral to the corresponding ear. 

Although all patients had unilater- 
al lesions, binaural abnormalities 
were present in 13 of the 23 patients 
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(patient 13 was excluded from this 
consideration). Of these, two had pon- 
tine lesions, whereas 11 had lesions 
that either were confined to or in- 
cluded the midbrain. Of the ten 
patients with monaural abnormalities 
only, six had pontine and four had 
midbrain lesions. The difference 
between the pontine and midbrain 
localizations for binaural BAEP 


abnormalities was statistically signif- 
icant (P = .05). 


Attenuation or Absence of IV/V Complex 


Attenuation or absence of the IV/V 
complex on stimulation of one or both 
ears was the most frequent abnormal- 
ity in this series, observed in 13 of the 
24 patients. A majority of the patients 
(11 of 13) had midbrain lesions (Fig 1); 
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only two patients had pontine lesions. 
This difference in favor of midbrain 
loealization incases with IV/V atten- 
uation was statistically significant 
(P < ©). In six patients, the attenua- 
tion of the IV/V complex occurred on 
stimulation of one ear only, the other 
ear yielding normal responses. In sev- 
en patients, stimulation of each ear 
resulted in IV/V attenuation and in 
four of these the abnormality was of 
equal magnitude in the two ears. If 
the IV’V amplitude abnormality was 
mere severe on stimulation of one ear, 
the brain-stem lesion was ipsilateral 
to that ear. 


Attenuation or Absence of Early 
BAEP Components 


In eight patients there was attenua- 
tion or absence of earlier components 
(wave II and/or III) and seven of these 
also had amplitude abnormalities of 
the wave IV/V complex. In one patient 
(patiert 3), right-sided monaural 
stimulation produced attenuated 
wave III but subsequent components 
were present with prolongation of the 
l-V interval. The left-sided monaural 
stimulation produced normal re- 
sponses. Of these eight patients dem- 
onstrating amplitude abnormalities 
of earlier BAEP components, the 
lesion was in the pons im six (Fig 2) 
and at the level of the midbrain in the 
remaining two. 


interpeak Abnormalities 


Intempeak abnormalities (ie, pro- 
longed I-III, IM-V, and I-V intervals) 
without amplitude abnormalities 
were less frequent in this series. 
When latency abnormalities were 
present they tended to occur with 
amplitade abnormalities. Of the 13 
patients with attenuation or absence 
of the [V/V cemplex, seven also had 
prelongation of IPLs. The III-V IPL 
was the most commonly affected IPL, 
with prolongation being either con- 
fined te or more severe on the side of 
IV’V attenuation. In one patient (pa- 
tient I), the attenuation of the IV/V 
complex occurred on left ear stimula- 
tion and was associated with I-III IPL 
prelongation bilaterally but more pro- 
nounced with left ear stimulation. 
This patient had a pontomesence- 
phalic tesion on the left side. Similar- 
ly, of eight patients in whom earlier 
components were attenuated or 
absent. two had IPL abnormalities; 
one hed I-III prolongation and the 
other kad I-V prolongation. 

Three patients had IPL abnormali- 
ties only. Two had unilateral or bilat- 
eral prelongation of the II-V IPL and 
both had midbrain lesions. One 
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Fig 1.—Left, Brain-stem auditory evoked potentials of case 1 show attenuation of wave V and 
prolongation of the Ill-V interval with left ear stimulation. The Ill-V interpeak latency was 2.22 ms 
with right ear stimulation and 2.44 ms with left ear stimulation, the mean with 2.5 SDs being 2.25 
ms. Right, T,-weighted magnetic resonance imaging scan of case 1 shows lesion in lateral portion 
of midbrain on left side producing increased signal intensity. 


Right Ear 





Fig 2.—Left, Brain-stem auditory evoked potentials of case 24 show grossly abnormal responses 
on left ear stimulation characterized by absence of all components following waves | and ll. Right 
ear stimulation shows normal brain-stem auditory evoked potential. Right, ~,-weighted magnetic 
resonance imaging of case 24 shows lesion in dorsolateral aspect of pons @n left side resulting in 
increased signal intensity. 


patient with isolated I-III prolonga- 
tion had a pontomesencephalic le- 
sion. 

Prolongation of the III-V IPL was 
observed in eight patients, seven of 
whom had midbrain lesions and one a 
rostral pontine lesion. The I-III IPL 
was prolonged in two patients (pa- 


tients 11 ance 12), and both had pon- 
tine lesions. One petient (patient 9) 
had prolongation o? both I-III and 
III-V IPLs on stimulation of the left 
ear and had pontine and mesencephal- 
ic lesions on the left side. Applying the 
Fisher’s exact test, the localization of 
I-III abnormalities to the pons and 
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III-V prolongation to the midbrain 
was statistically significant (P < .05). 


COMMENT 


Earlier ablative work in animals*"* 
and clinicopathologic correlations in 
humans**!”'8 have led to the wide 
acceptance of the generator sites of 
BAEP components as follows: wave I, 
auditory nerve; wave II, cochlear 


nucleus; wave III, superior olivary 


complex; wave IV, lateral lemniscus 
and its nucleus; and wave V, inferior 
colliculus. As one appreciates the 
complexity of the brain-stem auditory 
projections that comprise crossed and 
uncrossed fibers that both terminate 
in and bypass several relaying nuclei, 
it becomes obvious that the one-com- 
ponent/one-generator concept is an 
oversimplification. Components of 
BAEPs are now considered to result 
from superimposition of potentials 
from several generators.’*!° Whereas 
Buchwald” concluded that postsynap- 
tic potentials in the brain-stem nuclei 
were responsible for the various 
BAEP waves, others®™® consider 
fiber tracts the most likely source. 

We found that a unilateral brain- 
stem lesion produced BAEP abnor- 
malities either confined to or most 
prominent on stimulation of one ear 
in 18 of the 24 patients; the lesion in 
all of them was in the brain stem 
ipsilateral to the corresponding ear. 
In no instance did a unilateral brain- 
stem lesion cause an isolated BAEP 
abnormality confined to contralateral 
monaural stimulation. These results 
concur with the findings of others?’ 
that ipsilateral pathways play a dom- 
inant role in the generation of monau- 
rally evoked BAEP components in 
man. Unilateral brain-stem lesions 
did result in BAEP abnormalities that 
were at times of similar magnitude on 
right and left monaural stimulation; 
hence, both the ipsilateral and the 
contralateral (decussating) tracts 
contribute to the monaurally evoked 
BAEPs. When the lesion was in the 
midbrain, the BAEP abnormalities 
were more likely to be elicited by both 
ipsilateral and contralateral stimula- 
tion, whereas pontine lesions were 
more likely to produce abnormalities 
only with ipsilateral stimulation. 
Auditory fibers have crossing in the 
brain stem at three levels”: the supe- 
rior olivary nucleus (caudal pons), the 
nucleus of lateral lemniscus (rostral 
pons), and the inferior colliculus (mid- 
brain). Therefore, conceivably with 
rostral brain-stem lesions, the contri- 
bution of decussating fibers in gener- 
ating BAEP abnormalities is likely to 
be more significant. 
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Of all the BAEP components, the 
generator site of wave I is most con- 
clusively localized. It reflects the com- 
pound action potential in the periph- 
eral portion of the eighth nerve and 
corresponds to the N1 potential of the 
electrocochleogram.”*> Of our pa- 
tients with brain-stem lesions, wave I 
was elicitable in all except one who 
had unilateral deafness due to a 
peripheral auditory lesion. Although 
waves II and III are generally believed 
to originate in the auditory pathways 
in the pons, their exact sources are 
controversial. Wave II is traditionally 
believed to represent activity of the 
ipsilateral cochlear nucleus. Recent 
intraoperative recordings*”’ directly 
from the eighth nerve during posteri- 
or fossa surgery in humans have dem- 
onstrated activity in the intracranial 
portion of the eighth nerve at a laten- 
cy similar to that of BAEP wave II. 
Occasional presence of wave II in 
brain-dead patients” and results of 
our own studies? of BAEPs in three 
patients with hereditary motor-senso- 
ry neuropathy (type I) suggest that 
the intracranial portion of the eighth 
nerve may at least partly contribute 
to the generation of wave II. The 
presence of prominent wave II activi- 
ty in the trapezoid body in animals,’ 
the finding that some trapezoid body 
lesions affect this wave,**! and the 
result of P2 broadening with anesthe- 
sia of the trapezoid body” further 
suggest that auditory pathways in the 
ipsilateral pons make significant con- 
tributions to wave II. Wave III of the 
BAEP is generated in the caudal pons 
since it is abolished by lesions or 
anesthetic block of the trapezoid 
body? and by lesions placed in the 
contralateral medial superior olivary 
complex.” It probably represents the 
activity in the contralateral trapezoid 
body’ or the outflow from the contra- 
lateral superior olivary complex 
ascending in the lateral lemniscus.° 
Direct recordings from humans by 
Hashimoto et al” also demonstrated a 
large positive potential over the dor- 
sal pons at the same latency as the 
scalp-recorded wave III. Møller and 
Jannetta™ used tone burst stimuli to 
record a large positive potential from 
the dorsal surface of the cochlear 
nucleus in man coincidental to BAEP 
wave III and attributed this compo- 
nent to the ipsilateral cochlear nucle- 
us. Achor and Starr,’ on the other 
hand, found widespread activity along 
the auditory pathways from the supe- 
rior olive to the lateral lemniscus in 
the cat at the time of BAEP wave III. 
Our studies showed that lesions in the 
mesencephalic region of the brain 





stem are usually associated with pres- 
ervation of waves I, II, or III. These 
correlations, therefore, support the 
theory that waves II and III are gen- 
erated in the caudal pons. Attenua- 
tion or absence of wave II was seen in 
three patients and all of them had 
absence of subsequent BAEP compo- 
nents. The lesion was usually in the 
ipsilateral pontine pathways. Attenu- 
ation or absence of wave III was usu- 
ally followed by amplitude abnormali- 
ty of the IV/V complex and most had 
lesions in the pons consistent with 
pontine origin of wave III. Of the four 
patients in whom the wave III abnor- 
mality was elicited on stimulation of 
one ear, the pontine lesion was ipsilat- 
eral to the stimulated ear in three and 
contralateral in the other, suggesting 
that both ipsilateral and contralateral 
pathways in the pons contribute to 
wave III. 

The BAEP waves IV and V are often 
fused in humans into a single broad 
complex. Human wave V, which most 
likely corresponds to wave P4 of ani- 
mals, has the most complex array of 
generators of all the BAEP compo- 
nents. The major sources of wave V 
are considered to be lateral lemniscus 
and/or inferior colliculus on both 
sides.?>?!?327 However, some have 
placed the generator sources as caudal 
as pons” or as rostral as medial genic- 
ulate and auditory radiations." Direct 
recording from the dorsal aspect of 
the brain stem in humans by Hashi- 
moto et al” and Møller anc Jannetta” 
demonstrated a large potential from 
the inferior collicular region coinci- 
dent to wave V of the scap-recorded 
BAEP. Our results are consistent with 
those of the previous clinicopathologic 
studies that suggest waves IV and V 
originate in the midbrain because of 
their consistent attenuation or disap- 
pearance with midbrain lesions. 
Although both ipsilateral and contra- 
lateral auditory pathways are held to 
be the sources of wave V in animals,” 
the relative contribution of each is not 
well established. The auditory system 
at and above the level of the inferior 
colliculus is functionally contralater- 
al.*° Dipole analysis by Scherg and 
Von Cramon” suggested that P4 was 
generated contralateral to the stimu- 
lated ear. Our study showed that uni- 
lateral midbrain lesions often re- 
sulted in attenuation or absence of the 
IV/V complex on both ipsilateral and 
contralateral ear stimulation consis- 
tent with bilateral midbrain contribu- 
tions to the IV/V complex. The ipsi- 
lateral contribution was, however, 
more important than the contralater- 
al because in cases of asymmetric 
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[V/V complex, the responsible lesion 
was ipsila eral to the ear that pro- 
duced greater attenuation. 

The following general conclusions 
regarding localizing significance of 
certain BAEP abnormalities can be 
made: 

1. Whem BAEP abnormalities ei- 
ther occur exclusively on stimulation 
of one ear er are asymmetric on right 
and left ear stimulation, the responsi- 
ble lesion m the brain stem is on the 
side of tře ear eliciting maximal 
abnormality. 

2. Attenmwation or absence of the 
wave IV/V complex with normal ear- 
lier compenents commonly occurs 
with lesions in the mesencephalic 
region. Unilateral midbrain lesions 
may produce IV/V attenuation either 
en stimulation of the ipsilateral ear or 
stimulation of both ipsilateral and 
eontralateral ears. 
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3. Attenuation or absence of BAEP 
components following wave I or wave 
II is commonly seen with pontine 
lesions. 

4. Prolongation of the III-V IPL 
may occur as an isolated abnormality 
or with attenuation of the IV/V com- 
plex. Such findings are common with 
lesions at the mesencephalic level, 
whereas prolongation of the I-III IPL 
is likely to occur with pontine 
lesions. 

5. Apparently, unilateral brain- 
stem lesions may produce BAEP 
abnormalities on stimulation of both 
ipsilateral and contralateral ears. 
Such binaural abnormalities are more 
common with unilateral mesencephal- 
ic than pontine lesions. 

Our studies have important limita- 
tions. Although MRI is certainly supe- 
rior to CT in demonstrating brain- 
stem lesions, the demonstrated lesion 
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Post-traumatic Anosmia 


Ultrastructural Correlates 


Bruce W. Jafek, MD; Pamela M. Eller; Barbara A. Esses, MD; David T. Moran, PhD 


è Five patients suffering post-traumat- 
ic anosmia were studied at the University 
of Colorado Health Sciences Center, Den- 
ver. Each patient underwent psychophysi- 
cal testing, clinical evaluation, and olfac- 
tory biopsy. The biopsy specimens were 
examined ultrastructurally and were 
found to vary from normal tissues. The 
overall appearance of the olfactory epi- 
thelium in the post-traumatic patient is 
disrupted and the receptor cells are dis- 
torted. Large numbers of axons are locat- 
ed near the basement membrane and can 
often be found in bundles throughout the 
epithelium, extending even to the muco- 
sal surface. Olfactory cilia are rarely seen 
in epithelia obtained from post-traumatic 
patients. Bald olfactory vesicles, often 
containing basal bodies, are frequently 
observed. We postulate that in these 
cases, the olfactory epithelium regener- 
ates following head trauma and the recep- 
tor cells attempt to send axons centrally. 
However, the cribriform plate has under- 
gone fibrotic healing and the axons are 
unable to penetrate it and make contact 
with olfactory bulb neurons. 

(Arch Neurol 1989;46:300-304) 


Although the first reference to the 

loss of the sense of smell follow- 
ing head injury (post-traumatic anos- 
mia) appeared in 1864, it was rarely 
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recognized until a major series of war 
injuries was analyzed.'’ A subsequent 
large series based primarily on clini- 
cal evaluation established the inci- 
dence of anosmia, hyposmia, or dysos- 
mia as 5% to 10% in head trauma 
cases.** The degree of dysfunction is 
generally associated with the severity 
of the trauma, although cases of 
minor trauma producing total anos- 
mia have been reported.'’*? The prog- 
nosis is variable, with rare cases of 
recovery as late as one to five years 
after trauma.'*!° 

The anosmia is postulated to be a 
result of the shearing of the fine fila 
olfactoria where they pass through 
the cribriform plate. This occurs as 
the brain accelerates or decelerates in 
the calvarium in response to direct or 
contrecoup forces.'*"° It is less com- 
monly due to direct injury to the 
olfactory tract in severe frontoeth- 
moid injuries." Edema, hematoma 
formation, ischemia, or direct injury 
to the central olfactory pathways is 
conjectural, but supported by some 
observations."'! The few postmortem 


observations are based on the most 
severe injuries,'!*"4 

We have studied five patients with 
post-traumatic anosmia at the Rocky 
Mountain Taste and Smell Center at 
the University of Colorado Health 
Sciences Center, Denver. Following a 
detailed historical review, psycho- 
physical testing was undertaken and 
olfactory biopsy specimens were 
obtained. The results are presented 
along with interpretations of the find- 
ings regarding pathogenesis and prog- 
nosis. 


MATERIALS AND METHODS 


For clinical testing of taste and smell we 
used tests developed by researchers at the 
Connecticut Chemosensory Clinical Re- 
search Center''® and the University of 
Pennsylvania.” These tests are simple to 
administer and score, and they distinguish 
between normosmia, hyposmia, and anos- 
mia with a high degree of aecuracy. Our 
entire battery of taste and smell tests 
includes an extensive medical history ques- 
tionnaire, and n-butyl alcohol threshold 
identification test,'* a ten-item odor iden- 
tification test, the University of Penn- 


Patient Profiles 


Patient No./ 
Age, y/ 
Sex 
1/23/M 
2/68/M 
3/30/M 
4/57/F 
5/45/F 


Time Since 
Injury 
10 mo 
3 y 
ay 
8 mo 
17 mo 


Skull fracture 
Skull fracture 
Skull fracture 
Concussion 
Concussion 


Diagnosis * 


Biopsy Resultst 
cc OOOOOOrOm_,_00 ee, 
Disrupted 
Epithelium 


No 
Cilia 


Axon 
Tangles 


Anosmic 
Anosmic 
Anosmic 
Anosmic 
Anosmic 





*Patients underwent psychophysical testing using University of Pennsylvania Smell Identification Test, '7 
n-butyl alcohol,'®'® and odor identification test from Connecticut Chemosensory Clinical Research 


Center, 15.18 
tPlus signs indicate present or positive. 
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sylvanza Smell Identification Test,” a cot- 
ton swab spatial taste test, a sucrose 
thresheld test, a citric acid magnitude 
estima-ion test, anc electrogustometry. 

Informed consent was obtained from 
each pxtient in the study. Olfactory epithe- 
lium bispsy specimens were obtained from 
patients under local anesthesia (4% 
cocaine selution) following procedures 
developed im our clinic.” Specimens were 
placed .n Graziadei’s fixative” for a mini- 
mum of two hours, rinsed in 0.06-mol/L 
sodium cacocylate buffer, post-fixed in 2% 
osmium tetrexide, dehydrated in a graded 
series cf acetone, and embedded in Spurr’s 
low-viseosity resin.™ Thick and thin sec- 
tions were cut on an ultramicrotome and 
mounted on formvar-coated slot grids,” 
doublestamed with uranyl acetate-lead 
citrate, and examined on a transmission 
electron microscope. 


RESULTS 


Detailed results of the psychophysi- 
cal esing en five patients with post- 
traumatic anosmia are presented in 
the Taole. All patients were classified 
as anosmic according to their scores 
en the University of Pennsylvania 
Smell Identification Test” and the 
Connecticut Chemosensory Clinical 
Research Center test. 

Eleceron microscopic evaluation of 
olfactery biopsy specimens obtained 
from the five patients evaluated in 
this study revealed three consistent 
findings that differ from normal 
olfactory epithelium. Normal olfacto- 
ry epichelium is a pseudostratified 
columnar epithelium with four dis- 
tinct sell types: supporting cells, 
microv llar cells, ciliated olfactory 
receptcr cells, and basal eells (Fig 1). 
The ciiated olfactory receptors are 
primary sensory cells. They are bipo- 
lar neurons whose dendrites are 
exposed to the surface of the epitheli- 





Fig 1.—Electron micrograph of olfactory epithelium from normosmic Fuman subject. Note band of 
nuclei across middle of epithelium and ciliated olfactory vesicles projecting from mucosal surface. 
D indicates dendrite of olfactory receptor cell; S, supporting cell; B, basa cell; C, nucleus of 
olfactory receptor cell; LP, lamina propria; and arrows, olfactory vesicles (uranyl acetate-lead 
citrate, X2413). 





=ig 2.—Left, Electron micrograph of olfactory epithelium from patient 3 (Table). Note lack of olfactory vesicles and 
disrupted appearance of nuclei. C indicates nucleus of olfactory receptor cell; and arrows, axon profiles seen ir large 
numbers throughout epithelium (uranyl acetate-lead citrate, X3750). Right, Electron micrograph ef olfactory epithelium 
from patient 2 (Table). D indicates dendrites of olfactory receptor cell; C, nucleus of olfactory receptor cell; and arrows, 
axon profiles (uranyl acetate-lead citrate, X3000). 
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um and whose axons pass through the 
cribriform plate and make contact 
with neurons in the olfactory bulb. 
The nuclei of the receptors occupy a 
band across the middle of the epitheli- 
um. Each neuron has a single den- 
drite, which is a long, thin, cylindrical 
extension of cytoplasm that expands 
into a distal dilation called the olfac- 
tory vesicle (Figs 2, left, and 3, top). 
Each olfactory vesicle gives rise to ten 
to 30 olfactory cilia that extend from 
the epithelial surface. An interaction 
between odorant molecules and the 
cell membrane of the olfactory vesicle 
is presumed to result in the transduc- 
tion of olfactory chemoreception.”? 

The ultrastructure of biopsy speci- 
mens of olfactory epithelium from 
patients with post-traumatic anosmia 
differs from that of normosmic 
patients.” First, the general appear- 
ance of the olfactory epithelium from 
the five patients involved in this study 
appears to be somewhat distorted. 
The degree of abnormality varies 
among the patients studied and may 
be subtle. The epithelium does not 
appear to be as compact as normal 
epithelium, the individual cells being 
enlarged and bloated. In addition, the 
nuclei, which are arranged in a band 
across the middle of the normal epi- 
thelium, are dispersed throughout the 
epithelium and are often seen very 
near the mucosal surface in the post- 
traumatic patient (Fig 2). 

Second, the olfactory epithelium of 
the post-traumatic anosmic patient 
contains many axon profiles, most of 
which are near the basement mem- 
brane. A considerable number of 
axons can also be seen throughout the 
epithelium all the way to the mucosal 
surface. In addition, there are large 
nerve bundles in the lamina propria 
just below the basement membrane 
(Figs 2 and 4). Axons were identified 
on the basis of their small diameter 
(0.2 um) while in the epithelium, and 
on the presence of microtubules and 
mitochondria.” 

Our third consistent observation 
has been that few, if any, olfactory 
cilia project from the apical tips of the 
dendritic knobs (olfactory vesicles) of 
the receptor cells (Fig 3, bottom left 
and right). Bald olfactory vesicles are 
seen throughout the epithelium in 
some patients. Occasionally, basal 
bodies can be seen within the olfacto- 
ry vesicles but it is very rare to 
observe any cilia projecting from the 
olfactory receptor cells. In other 
patients, olfactory vesicles were not 
apparent and dendrites could not be 
seen protruding from the mucosal 
surface (Fig 2). 
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Fig 3.—Top, High-power electron micrograph of olfactory vesicle from normosmic human subject. 
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OV indicates olfactory vesicle; B, basal body; and arrows, cilia (uranyl acetate-lead citrate, 
X25 794). Bottom left, Electron micrograph of olfactory vesicles from patient 1 (Table). Note lack 
of cilia. Arrows indicate olfactory vesicles (uranyl acetate-lead citrate, X 10038). Bottom right, 
Electron micrograph of olfactory vesicle from patient 2. Note lack of cilia. OV indicates olfactory 
vesicle (uranyl acetate-lead citrate, X27 538). 


COMMENT 


Three consistent observations are 
revealed from examination of the 
ultrastructure of olfactory epithelium 
biopsy specimens from patients with 
post-traumatic anosmia. Three obser- 
vations allow speculation on not only 
the pathogenesis, but also the poten- 
tial management, of the condition. 

There is an overall disruption of the 
epithelial organization. Although this 
is a subtle change from normal, it is 
significant and consistent with what 
is expected from a regenerating epi- 


thelium. With cell turnover and pro- 
liferation within an epithelium, it is 
not unlikely that some nuclei would 
appear pyknotic and others would be 
swollen and appear very metabolically 
“active” (Fig 2). 

Large numbers of axon profiles are 
routinely seen throughout the epithe- 
lium in post-traumatic anosmic 
patients. The presence of these axons 
suggests either greatly elongated 
axon processes from the olfactory 
receptors or multiple axon processes 
from the olfactory receptors. These 
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Fg 4—Left. Electron micrograph of basal portion of olfactory epithelium from patient 2 (Table). Lamina propria and 
© ithelium contain very large numbers of axon profiles. LP indicates lamina propria; and arrows, axon profiles {uranyl 
eetete-lead citrate, X 1575). Right, Electron micrograph of basal portion of olfactory epithelium from patient 3 (Teble). A 
isdicates axon profiles (uranyl acetate-lead citrate, X 14 875). 


Normal 
Regenerat on 


Olfactory 
Neuron 


ome! 
E  helial 
Cientation 


Axon 
y Gibriform— — 
=atency 


Centra’ 
Nervous 
System 


— Cribriform Plate 


Post-traumatic 
Anosmia 


----- Absence of Ciliogenesis 


Disrupted 
Epithelial 
Orientation 


Axon 
Proliferation 


Cribriform 
Fibrosis 





Fig 5.—Cagrammatic representation of changes that occur in olfactory receptor cells in 
pest-traumaiic patient. Three consistent observations noted in five patients studied are 
demonstrej, namely, disrupted epithelium, absence of ciliogenesis, and presence of axon 
tangles Tase are postulated to result from disruption of fila olfactoria at cribiform plate with 
subsequert ‘ibrosis at plate perforations and failure of axon regeneration centrally. 


axon prac-sses have not been followed 
serially, kat we postulate that as the 
olfactor- 2pithelium regenerates fol- 
< lowing he.d trauma, the receptor cells 
aitempt to send axons centrally. We 
further destulate that the lamina cri- 
brosa co the cribriform plate has 
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undergone fibrotic healing and is 
closed with scar tissue. The axon, 
then, either is deflected back into the 
peripheral tissues where it coils and 
possibly turns again toward the crib- 
riform plate, or begins to degenerate 
and the receptor cell sends out anoth- 


er axon to attempt synaptic contact 
with the olfactory bulb (Fig 5). 

Very few, if any, olfactory cilia can 
be found projeeting from the olfactory 
vesicles of receptor cells from patients 
with post-traumatic anosmia. In view 
of the probability that the fila olfacto- 
ria have been traumetically severed at 
the cribriform plate, and the regener- 
ating axon has failed to reach the 
olfactory bulb. the following question 
arises: Is there a correlation between 
the lack of olfactory cilia and the 
failure of the receptor axons to reach 
the central nervous system (olfactory 
bulb)? 

It has been observed during embry- 
onic development im mice that the 
sprouting of alfactory cilia (ciliogene- 
sis) occurs approximately coinciden- 
tally with the growing receptor cell 
axons making synaptie contact with 
the central nervous system.” Addi- 
tionally, in fetal olfactory epithelial 
explants cultured from rats, there 
appear to be norrral differentiation 
and development o° all cell types in 
the olfactory epitielium, including 
the receptor cells.*-** These cultures 
were incubated free of any central 
nervous tissue. It has been noted, 
however, thaz there is not a full com- 
plement of alfactory cilia projecting 
from the dendritic knobs. Olfactory 
cilia do not develod even after eight 
days of culture. When explants of 
embryonic olfactory epithelium were 
cultured with presynaptic central ner- 
vous system tissue (olfactory bulb), 
there was a significantly higher 
(X1.6) density of ciliated dendritic 
knobs than in cultures maintained 
free of any bulb t.ssue. Thus, it has 
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= been speculated that olfactory den- 
_ drite ciliogenesis depends on contact 
= of the axon with central nevous sys- 
_ tem tissue and is indeed initiated by 
some central ciliogenetic factor. Con- 
i eriy, we hypothesize that the lack 
of ciliogenesis seen in our patients 
occurs because of failure of the regen- 
_ erating axon to reach its central con- 
q nection. This hypothesis is additional- 
__ ly supported by the presence of axon 
È- tangles discussed previously and dia- 
_ gramatically depicted in Fig 5. 
-= In conclusion, it appears that the 
E servations presented support the 
theory of the pathogenesis of post- 
traumatic anosmia: the fila olfactoria 
Eav been traumatically severed at 
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the cribriform plate and the regener- 
ating axon has failed to reach the 
olfactory bulb. Our findings offer 
some insight into the prognosis: post- 
traumatic anosmic patients have rela- 
tively normal olfactory epithelial ori- 
entation, but the dendritic knobs (ol- 
factory vesicles) lack cilia, similar to 
receptor cells grown free of olfactory 
bulb tissue in culture. In addition, 
axon tangles are found at the base- 
ment membrane, suggesting multiple, 
but unsuccessful, attempts by the 
growing axon to reach central synap- 
tic connections. Thus, it appears that 
these patients have traumatically sev- 
ered their fila olfactoria and that the 
receptor axons have been unable to 
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reconnect with the olfactory bulb, pre- 
sumably because of fibrosis of the 
lamina cribrosa of the cribriform 
plate. 

If this is the case, it is unlikely that 
either medical therapy or additional 
time will allow healing. However, if 
newer neurosurgical procedures could 
be developed to clear the fibrosis from 
the cribriform plate region, restora- 
tion of the sense of smell is theoreti- 
cally possible. This would have to be 
carefully considered, however; simple 
creation of a hole of communication 
between the nose and cranial vault, 
while technically a simple anatomical 
exercise, is fraught with serious phys- 
iologic considerations. 


after axotomy. J Neurocytel 197;8:197-213. 

21. Spurr AR: A low-viscosity epoxy resin 
embedding medium for electron microscopy. 
J Ultrastruct Res 1969;26:31-43. 

22. Rowley JC III, Moran DT: A simple proce- 
dure for mounting wrinkle-free sections on form- 
var-coated slot grids. Ultramieroscopy 1975; 
1:151-155. 

23. Moran DT, Rowley JC III, Jafek BW, et al: 
The fine structure of the olfactory mucosa in 
man. J Neurocytol 1982;11:721-746. 

24. Moran DT, Jafek BW, Rowley JC III, et al: 
Electron microscopy of olfaetory epithelia in two 
patients with anosmia. Areh Otolaryngol Head 
Neck Surg 1985;111:122-126-. 

25. Cuscheri A, Bannister LH: The develop- 
ment of the olfactory mucosa n the mouse: 
Electron microscopy. J Anat 1975:119:471-498. 

26. Farbman AI: Prenatal development of 
mammalian olfactory receptor cells. Chem 
Senses 1986;11:3-18. 

27. Chuah MI, Farbman AI, Menco M: Influ- 
ence of olfactory bulb on dendritie knob density 
of rat olfactory receptor neurons im vitro. Brain 
Res 1985;338:259-266. 

28. Farbman Al: Ditferemtiation of olfactory 
receptor cells in organ culture. Anat Rec 1977; 
189:187-200. 


Anosmia— Jafek et al 


4 








A. aes Peps diggin 
PIK =se ce 
) = i 





zg 








Persantine 


(di | (dipyridamole Js? 2 of 25, 50 and © mg 


Brief Summary of Prescribing Information 
CONTRAINDICATIONS None known. 


PRECAUTIONS General Persantine® (dipyridamole 
USP) should be used with caution in patients with 
hypotension since it can produce peripheral 
vasodilation. 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility In a 111 week oral study in mice and in a 
128-142 week oral study in rats, Persantine produced 
no significant carcinogenic effects at doses of 8, 25 
and 75 mg/kg (1, 3.1 and 9.4 times the maximum 
recommended daily human dose). Mutagenicity test- 
ing with Persantine was negative. Reproduction 
studies with Persantine revealed no evidence of 
impaired fertility in rats at dosages up to 60 times the 
maximum recommended human dose. A significant 
reduction in number of corpora lutea with consequent 
reduction in implantations and live fetuses was, 
however, observed at 155 times the maximum recom- 
mended human dose. 


Teratogenic Effects PREGNANCY CATEGORY B 
Reproduction studies have been performed in mice 
and rats at doses up to 125 mg/kg (15.6 times the 
maximum recommended daily human dose) and 
rabbits at doses up to 20 mg/kg and have revealed 
no evidence of harm to the fetus due to Persantine. 
There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal repro- 
duction studies are not always predictive of human 
response, this drug should be used during pregnancy 
only if clearly needed. 


Nursing Mothers As dipyridamole is excreted in 
human milk, caution should be exercised when 
Persantine is administered to a nursing woman. 


Pediatric Use Safety and effectiveness in children 
below the age of 12 years has not been established. 


ADVERSE REACTIONS Adverse reactions at 
therapeutic doses are usua'ly minimal and transient. 
On long-term use of Persantine® (dipyridamole USP) 
initial side effects usually disappear. The following 
reactions were reported in two heart valve replace- 
ment trials comparing Persantine and warfarin therapy 
to either warfarin alone or warfarin and placebo: 


Persantine/ Placebo/ 
Warfarin Warfarin 
(N = 147) (N = 170) 
Dizziness 13.6% 8.2% 
Abdominal 
distress 6.1% 3.5% 
Headache 2.3% 0.0 
Rash 2.3% 1.1% 


Other reactions from uncontrolled studies include 
diarrhea, vomiting, flushing and pruritus. In addition, 
angina pectoris has been reported rarely. On those 
uncommon occasions when adverse reactions have 
been persistent or intolerable, they have ceased on 
withdrawal of the medication. 


When Persantine was administered concomitantly 
with warfarin, bleeding was no greater in frequency or 
severity than that observed when warfarin was admin- 
istered alone. 


HOW SUPPLIED Persantine® (dipyridamole USP) is 
available as round, orange, sugar-coated tablets of 25 
mg, 50 mg and 75 mg in the following package sizes: 


25 and 50 mg Tablets: Bottles of 100 and 1000, unit 
dose of 100. 


75 mg Tablets: Bottles of 100 and 500, unit dose of 
100. 


Consult package insert before prescribing. 
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Anterior Speech Region 


Asymmetry and Weight-Surface Correlation 


Eduardo Albanese, MD; Alicia Merlo, PhD; Alfonso Albanese, MD; Elena Gomez 


@ Results of this work show, in the 
inferior front! gyrus and in the different 
portions into which it was civided, asym- 
metry of weight and cortical surface and 
left predomimance in the posterior por- 
tion. which isconcerned with language. In 
spite of the difference among the abso- 
lute individual values, the correlation 
between weght and surface values is 
exceilent in all cases, and the weight and 
surface ratiovis the same for the portions 
related to ta»guage and different for the 
remainder of the inferior frontal gyrus. 

(Arch Neuso! 7989°46:307-310) 


The macrescapic asymmetry of the 

planum temporale, which is in- 
cluded in te pesterior language area, 
has been widely studied.'” On the con- 
trary, fewer works have been reported 
about the asymmetry of the anterior 
speech regien,®*° probably due to the 
diffieulty that the deep sulci imply. In 
1975, Wada et al, who estimated the 
extension Œ the cortical surface of 
this region en photographs of the lat- 
eral face ef the cerebrum, referred to 
the problem of the deep sulci saying 
that “the results of measurement 
from the frental operculum have been 
qualified wath this limitation.” In 
1982, Falzi et al” studied zhe asymme- 
try of this zone and estimated the 
cortex buried in sulci by measuring 
lines with a curvimeter on photo- 
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graphs of the upper aspect of five 
horizontal sections. As these authors” 
said, this method implies “a better 
approximation” to a solution of the 
problem of appraising cortical sur- 
faces. 

In our laboratory, we have devel- 
oped a method that permits us to 
isolate the cerebral gyri and accurate- 
ly determine their cortical surface, 
including that of all the deep sulci. 

Our objective was to study the 
asymmetry of both weight and sur- 
face using a method for determining 
absolute values, and the weight-sur- 
face correlation of the portions that 
constitute the inferior frontal gyrus, 
especially the posterior portion that is 
related to the motor coordination of 
language. 


MATERIALS AND METHODS 


Twenty-four adult human brains (ob- 
tained from patients aged between 21 and 
87 years, X, 48.35 years) of both sexes 
(eight women and 16 men) chosen at ran- 
dom from a group of 50 brains having no 
visible macroscopic neurologic lesions, 
were utilized. Unfortunately the handed- 
ness was not identified in these cases. 

The entire brains, as well as the portions 
separated from them, were kept in a 5% 
formaldehyde solution. 


Material Processing 


Delimitation and Isolation of the Inferior 
Frontal Gyrus.—In this article the conven- 
tional limits of the inferior frontal 
gyrus*'*'' were taken into account, ie, the 
frontal inferior, precentral, lateral, and 
orbital sulci. The method used for the 
isolation of the gyrus allowed us to obtain 
the anatomic pieces in a state that was 
adequate for the ulterior exposure of the 
deep cortex, as well as adequate to deter- 
mine comparable weights. 

The cortex was sectioned following the 


depth of the sulci, and, n the zones where 
the sulci were irterrup-zed, along the line 
uniting the extremes of the sulci. The 
white matter wes sectioned by the plane 
delimited by lines uniting the deepest 
points of the cortex of the sulci that sur- 
rounded the gyrus. 

The pars opereularis (OP), triangularis, 
and orbitalis (OR) were separated follow- 
ing the vertical and rostral projections of 
the lateral sulcus. The pars triangularis 
was divided into triangularis caudalis (Tc) 
and triangularis rostral (Tr) through the 
diagonal sulcus. 

Weight of Portions of the Gyrus.—The por- 
tions were superficially dried with filter 


paper (until the paper mo longer appeared _ 


wet) and immed.ately weighed in an ana- 

lytical balance (sensitivity, 0.01 mg). 
Determination of the Cortical Surface.— 

Each portion was agair divided, this time 


following the secondary sulci to expose the © 


deep cortical surface. An acrylic mold of 
the cortical surface of each one of these 
portions was obtained 5y carefully cover- 
ing the cortical surface with a thin layer of 
white acrylic lac. Forty zo 60 minutes after 
the acrylic mold was manually extracted in 
a single block, the anetomical piece was 
recovered unalcered. Since the mold 
obtained is inextensibe, it is perfectly 
appropriate for subseqvent processing. 

The acrylic mold was flattened by means 
of the necessary euts, which permitted it to 
unfold on a plane surfaze. It was then put 
on a piece of black paper. Then both the 
mold and the paper were fixed on a sheet of 
graduated paper (in mil imeters) by means 
of a transparent autoachesive and a mag- 
nified photocopy (1: 1.4_) of the sheet was 
made. 

We considered the area of the photocopy 
corresponding to 1 em? as the surface unit. 
Five squares, all consisting of a surface 
unit, were taken, one from the center and 
four from the corners oè the photocopy (in 
which the millimeter design could be 
observed) and carefuly cut. The five 
squares were we ghed im an analytical bal- 
ance (sensitivity, 0.01 mg) and the Xu + 
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Fig 1.—Inferior frontal gyrus (posterior portion). Asymmetric cases and their distribution according to predominant 


side. 


SDu were calculated. The photocopy of the 
acrylic mold was cut and weighed and its 
surface area was calculated taking into 
account Xu. 

The reproducibility of the method was 
checked previously by obtaining nine 
acrylic molds of a portion of cerebral cor- 
tex, with a coefficient of variation of only 
1.92%. 


Data Processing 


Programs, in BASIC, of the statistical 
tests applied to this study were used. They 
were elaborated, checked, and executed in 
our laboratory in a computer (150 Hewlett 
Packard). 

Weight and Surface Asymmetry.— Weight 
and surface asymmetry were determined 
for the following portions of each brain: 
OP + Te (posterior portion of the inferior 
frontal gyrus), OP, Tc, Tr + OR (anterior 
portion of the inferior frontal gyrus), Tr, 
OR, and the inferior frontal gyrus as a 
whole. 

The sum of the values corresponding to 
homologous portions of both hemispheres 
was considered as 100%, and the difference 
between the percentage contributed by 
each portion to the pair as the percentage 
of asymmetry. 

For each portion the percentage of cases, 
independently of the predominant side, 
reaching levels of asymmetry of at least 
5% or higher (using intervals of 5%) and 
its statistical significance (x?) were deter- 
mined. Furthermore, the percentage corre- 
sponding to cases with left and right pre- 
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dominance, as well as the statistical signif- 
icance (x?) of the difference between both 
percentages, were calculated. 

Correlation Between Weight and Surface 
Values.—The correlation coefficient (r) 
between weight and surface values was 
determined for OP, Tc, Tr, and OR. Each r 
corresponds to the 48 pairs of values 
obtained from both hemispheres. 

Weight and Surface Ratio.—The ratio 
between weight (grams) and surface 
(square centimeters) values was deter- 
mined for each portion mentioned in the 
“Correlation Between Weight and Surface 
Values” section. Four groups of 48 values 
each were obtained and the mean and SE 
were calculated. The statistical signifi- 
cance of the differences among the four 
groups was determined by means of the 
analysis of variance. 

Weight and Surface Absolute Values.—The 
mean, coefficient of variation, and stan- 
dard error of weight and surface absolute 
values were determined for each one of the 
portions considered in the “Correlation 
Between Weight and Surface Value” sec- 
tion for each hemisphere separately. The 
statistical significance between corre- 
sponding means of the left and right hemi- 
sphere was determined using the Student t 
test. 


RESULTS 
Weight and Surface Asymmetry 


In Figs 1 through 3, it can be 
observed that for the different por- 


tions of the inferior frontal gyrus, as 
well as for the gyrus as a whole, a 
percentage of asymmetric cases corre- 
sponding to weight values is similar to 
that corresponding to surface values. 

For each portion, the maximum ley- 
el of asymmetry for which the per- 
centage of asymmetric cases is still 
significant (P < .05, x?) is shown in 
the above-mentioned Figures. 

Triangularis caudalis is the portion 
of the gyrus having the highest level 
of asymmetry (35%), with the per- 
centage of cases statistically signifi- 
cant (Fig 1). 

Only in the posterior portion of the 
inferior frontal gyrus (OP + Tc) and 
for a level of asymmetry of 5%, in the 
percentage of cases with side predom- 
inance (left), is both the weight and 
surface significantly higher (P < .05, 
x’) than the corresponding one for the 
opposite side (right). The anterior 
portion of this gyrus (Tr + OR) does 
not show significant difference be- 
tween the number of cases with left 
and right predominance. 


Correlation Between Weight and 
Surface Values 


The r values (P < .001) for OP, Te, 
Tr, and OR are, respectively, 0.97, 0.95, 
0.96, and 0.97. 
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Fig 2.—Imferior frontal gyrus (anterior portion). Asymmetric cases and their distribution according to predominant 


side. 
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Fig 3.—Inferor frontal gyrus. Asymmetric cases and their distribution according to predominant 


sioe. 


Weight and Surface Ratio 


The X + SE (grams per square cen- 
timeter) fcr OP, Tc. Tr, and OR are, 
respectively, 0.424 + 0.007, 0.480 + 
0.010, 0384+ 0.007, and 0.363 + 
0.050. The ratio cerresponding to OP 
dees not ciffer from that of Te nor 
from the ee corresponding to Tr or 
from that ef OR, buz the first two (OP 
and Tc) dosadiffer from the last two (Tr 
and OR) (2 < .05) by analysis of vari- 
ance. 
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Weight and Surface Absolute Values 


The absolute values are shown in 
the Table. There is no significant dif- 
ference between the values corre- 
sponding to one hemisphere and those 
of the contralateral hemisphere. The 
coefficient of variation of the means is 
between 40% and 60% for both 
parameters and for all the portions of 
the gyrus studied. This indicates a 
great variation in weight and surface 
values from one person to another. 
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COMMENT 


This work demonstrates that a sig- 
nificant number of cases show asym- 
metry of the anterior speech region as 
well as of the portions forming it. The 
results correspondirg to weight are 
similar to those corresponding to sur- 
face, a fact that ean be perfectly 
understood, since the correlation 
between those paremeters is excel- 
lent. The level of asymmetry having a 
significant percentage of cases varies, 
according to the porzion, from 10% to 
35%, with a correspending of this last 
value to the pars Tc. It must be 
emphasized that omly the posterior 
portion of the inferior frontal gyrus 
(OP + Tc), related to the motor coor- 
dination of language, shows a percent- 
age of asymmetric cases with left 
predominance, botk for weight and 
for cortical surface. as well as for a 
level of asymmetry of 5%. In this zone 
62.5% of the brains studied show left 
predominance and 12.5% right pre- 
dominance. These results are coinci- 
dent with those of Galaburda’ who 
used data resulting from the micro- 
scopic studies of this region. 

Wada et al,’ measuring only the 
cortical surface of zhe posterior por- 
tion of the inferior frontal gyrus, 
found asymmetry with right predomi- 
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Weight, g 


Surface, cm? 


a 0 oo 5888, ee 


Left (n = 24) 
Portion of 
Gyrus +SE X Cc 


48.45 061 5.45 


Triangularis 
caudalis 


46.01 0.31 2.69 
Triangularis 
rostralis 42.40 0.22 2.56 


46.84 0.30 3.15 


*C indicates coefficient of variation. 


nance, but they emphasized that, if 
the cortex buried within the sulci 
were considered, the results could be 
different. 

Falzi et al,” using a method that 
permitted “a better approximation” 
to the estimation of the real extent of 
the cortical surface, found that asym- 
metry only appears when the entire 
anterior speech region, including both 
the visible cortex and that buried in 
the sulci, is considered. 

The method utilized in this article 
to separate the gyrus and its portions 
allowed us to obtain reliable weight 
and surface values and thus to deter- 
mine the exact level of asymmetry as 
well as to establish the ratios between 
weight and surface values of the dif- 
ferent portions. 

Visual analysis of the asymmetry of 
the planum temporale of the brains 
that were studied shows a distribution 
of the cases with left and right pre- 
dominance similar to that found in 
the anterior language region for a 
level of 5%. Nevertheless, and in 
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accordance with Falzi et al, the pre- 
dominant side was not the same for 
both regions in all the brains. 

As the r between weight and sur- 
face values for the different portions 
studied is almost one (P < .001), it can 
be inferred that there is an excellent 
proportionality between weight and 
the corresponding cortical surface. 

It must be noted that the weight 
and surface ratio corresponding to OP 
and Tc, which form the motor area of 
language, does not significantly differ 
between them, but does differ from 
those corresponding to OR and Tr 
that constitute the remainder of the 
inferior frontal gyrus. 

It is also important to emphasize 
that the proportionality between the 
weight of each portion and its cortical 
surface, clearly shown by the values of 
r and ratio, comes from a group of 
quite varied weight and surface abso- 
lute values, as is demonstrated by the 
corresponding coefficients of varia- 
tion. 

Ongoing studies in different cere- 


bral gyri will show if this proportion- 
ality between weight and surface val- 
ues is also observed in other areas of 
the brain. 


We thank Eduardo E. Mareso, MD, for supply- 
ing us with part of the material and Viviana 
Carcavallo, Angel Di Martino, end Washington 
Sesma for their kind collaboration. 
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Varicella Zoster-Associated Neurologic Disease 
Withcut Skin Lesions 


Donald R. Myo, ScD, John Booss, MD 


èe We hav investigated a group of 
cases wits iaflammatory neurologic dis- 
ease and semlosic evidence of varicella 
zoster virus activity without cutaneous 
vesicles. lmagreement with xperience, a 
case of ecrenial polyneuropathy with facial 
palsy and cases of aseptic meningitis 
were found. However, cases of acute 
polyneuropatmy, myelitis, and encephali- 
tis were aisc identified. Thus, it seems 
that the spectrum of neurologic disease 
associatec wth varicella zoster virus in 
the absence of skin lesions is consider- 
ably broader han previously recognized. 

(Arch Neurol 1989;46:3 13-3 15) 


A broad range of neurologic compli- 

cations has been recognized in 
association with cutaneous zoster. 
Encephalitis myelitis, disseminated 
encephaiomwelitis, aseptic meningitis, 
acute polyr2uropathy, and cranial 
polyneuropa hies with facial palsy 
have been observed with local or dis- 
seminatec zoster. Although the 
pathogenic mechanisms may vary, 
pecognition ef the causative agent is 
facilitated br observation of the vesi- 
cular cutaneous lesions. In certain 
cases, however, involvement of the 
varieella zeser virus (VZV) is sus- 
pected in th= absence of cutaneous 
lesions beeauwse of the nazure of the 
clinical syndrome. Examples include 
segmental pain without segmentally 
distributed wsicles, and facial palsy 
and otalgia without cepha_ic vesicles. 
When serologic evidence for recent 
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activity of VZV is found, such cases 
can be properly termed zoster sine 
herpete. It has also been documented 
that aseptic meningitis unassociated 
with cutaneous lesions can result 
from VZV. 

Recently, one of us (D.R.M.) noted 
serologic evidence of VZV activity in 
several samples from neurologic cases 
in which no cutaneous lesions were 
reported. Hospital records were 
obtained, and the cases were re- 
viewed. We found that the range of 
neurologic complications of VZV 
without cutaneous lesions is as broad 
as that associated with cutaneous 
zoster. 


MATERIALS AND METHODS 
Serologic Procedures 


Immunoglobulin G antibodies to VZV 
were measured with a commercially avail- 
able enzyme-linked immunosorbent assay 
(ELISA). A 1:26 dilution of sample (10 uL 
of sample plus 250 uL of dilutent) was 
prepared in VZV antigen-coated and con- 
trol antigen-coated microwells. After the 
plates were incubated and washed, alkaline 
phosphatase-conjugated rabbit antihu- 
man IgG was added for additional incuba- 
tion. After the plates were washed, p- 
nitrophenlyphosphate was added as sub- 
strate. Three serum samples with known 
ELISA values (calibrators) and two addi- 
tional control samples with known values 
were included. Optical density was mea- 
sured at 405 nm, and the ELISA value for 
each sample was calculated from a calibra- 
tion curve. This procedure has been exten- 
sively evaluated and found to produce 
results comparable with the fluorescence 
antibody to membrane antigen (FAMA) 
method, which does not cross-react with 
herpes simplex virus (HSV).** In addition 
to ELISA, FAMA testing was performed 
on spinal fluids by a collaborating labora- 
tory, and the results were included as part 
of another study.2 Detection of FAMA 
antibody in the spinal fluid has been found 
to correlate with VZV-associated encepha- 
litis*® and was, therefore, used in this 


re ie ee ee 


report as an incicator of VZV-associated — 


inflammatory neurologic disease. Comple- 
ment fixation studies were done using a 
microtiter adaptation method.’ 


Serologic Scresning and 
Records Review 


Between August 1 and August 31 of the 
following year, approximately 1850 patient 
specimens were tested for evidence of 
recent VZV infection. Curing this period, 
15 diagnostic serologic r ses were detected, 


32 patients had single or paired serum ~ 


samples classified as high, and nine 
patients had VZV ant:body detected in 
spinal fluid. Serum samples were classified 
as high if their ELISA value exceeded 0.84. 
Testing of almost 40) samples from 
healthy individuals revealed that less than 
0.5% of the healthy population has VZV 
antibody levels that exc2ed 0.84. Further- 
more, greater than 93% of those individu- 
als with “high” values have clinical evi- 
dence of recent nfecticn. In this and a 
previous study, no diagnostic serologic 
rises to HSV were detected in any of the 
patients who had VZV seroconversions.’ 


Review of the laboratory request slips — 


revealed 15 patients in whom a neurologic 
condition, apparently umassociated with 
cutaneous lesions, was tke reason for hos- 


pitalization. Hospital records for these — 


patients were obtained for review. The 
patients were receiving eare from various 
physicians, not only meurologists. Two 
patients were excluded from final consid- 
eration because of the presence of isolated 
skin lesions at the time of presentation. 
Another case was excluded because the 
principal infection was a@ryptococcal men- 
ingitis in a patient with Hodgkin’s disease. 
Two patients were excluded because they 
were each found to have elevated antibody 
response to another viral agent in addition 
to VZV. Ten patierts remained, who served 
as the basis of this report (Table). 


RESULTS 
Aseptic Meningitis 


Four patients, ranging in age from 
19 to 32 years, presented with clinical- 
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Neurologic Disease With Antibody Evidence for VZV 
Infection but Without Skin Lesions 


Case No. Age, y/Sex Type of Disease Evidence for VZV Infection * 
1 32/F Aseptic meningitis Serologic rise by CF 








70/M 





7 16/M Myelitis 
8 46/M Encephalitis 
9 17/M Encephalitis 





Cranial polyneuropathy 


Encephalitis 















Serum antibody decline by ELISA 
and CF; CSF antibody decline 
by ELISA with sustained FAMA 


CSF antibody by FAMA and ELISA 
Serologic rise by ELISA and CF 
High serum antibody by ELISA 

Serologic rise by ELISA and CF 









* Serologic rise indicates diagnostically significant rise in serum antibody titer; CF, complement fixation; 
ELISA, enzyme-linked immunosorbent assay; FAMA, fluorescence antibody to membrane antigen; and VZV, 


varicella zoster virus. 


TAPP indicates acute polyneuropathy with pleocytosis. 


Previous diagnosis of cutaneous scleroderma. 


ly typical aseptic meningitis. In three 
of the patients, the diagnosis was 
made by diagnostic serologic rise. In 
the fourth case, anti-VZV antibody 
was found in the cerebrospinal fluid 
(CSF) in the presence of normal levels 
in serum, whereas a marker antibody, 
anti-cytomegalovirus, found in the 
serum was absent in the CSF. Compli- 
cating illnesses were absent, and 
immunosuppressive medication was 
not used. In three patients, the CSF 
glucose level ranged from 2.2 to 2.7 
mmol/L. In one patient, the CSF glu- 
cose level was 2.7 mmol/L, while the 
serum glucose level was 7.7 mmol/L. 
In two of the patients, the leukocyte 
count in the CSF was approximately 
1 x 10°/L, with a preponderance of 
lymphocytes. In another case, there 
were 0.89 polymorphonuclear cells of 
a total of 0.35 X 10°/L leukocytes in 
the CSF. The course of the illness in 
these patients with aseptic meningitis 
was benign. 


Acute Polyneuritis 


One patient developed flaccid mus- 
cle weakness in the absence of signifi- 
cant loss of sensation. In a 6-year-old 
girl with a history of Varicella 21⁄2 
years earlier, vomiting and stomach 
cramps were followed by generalized 
= muscle pain and photophobia. This 
was followed by the development of 
muscle weakness. The CSF revealed a 
leukocyte count of 0.03 X 10°/L, a pro- 
tein level of 2.96 g/L, and a glucose 
level of 0.6 mmol/L. A diagnosis of 
aseptic meningitis was made before a 
diagnosis of Guillain-Barré syndrome. 
Antibody to VZV was normal in the 
serum sample by ELISA, but was 
found in the CSF by ELISA and 
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FAMA. Although the CSF protein 
was elevated and complement fixation 
anti-VZV antibody was 1:32 in serum 
samples, no complement fixation anti- 
VZV antibody was found in the CSF, 
arguing against passive diffusion. 
After plasmapheresis, transfer of the 
patient to a rehabilitation hospital 
was required. 


Cranial Polyneuritis 


A 70-year-old man developed facial 
weakness and dysphagia during an 
illness that included malaise, fever, 
and anorexia. On examination, he was 
found to have weakness of cranial 
nerves VII to X on the left side. The 
CSF contained lymphocytes (0.009 X 
10°/L) and nermal levels of protein 
and glucose. Facial weakness and 
swallowing difficulties cleared during 
the short-term hospitalization. Resid- 
ual dysfunction of the eighth nerve, 
however, remained. A substantially 
elevated serum antibody to VZV was 
found to decline eight weeks after the 
acute illness. The level of VZV anti- 
body in the spinal fluid also declined 
as measured by ELISA and remained 
abnormal on FAMA testing, with nor- 
mal CSF protein content. 


Myelitis 


A 16-year-old boy was admitted to 
the hospital with leg weakness. One 
week previously he had experienced 
headache, malaise, nausea, and nasal 
congestion. Back and leg pain pre- 
ceded the leg weakness. On physical 
examination, he was found to have 
flaccid weakness of his legs and arms, 
greater in the legs, a sensory loss 
below the tenth thoracic dermatome, 
and reduced respiratory capacity. 


Although the first lumbar puncture 
was normal, the second demonstrated 
0.1 X 10° leukocytes per liter of which 
0.9 were lymphocytes, with normal 
glucose and protein levels. Myelog- 
raphy discovered no compressive 
lesion, but somatosensory-evoked po- 
tential studies revealed slowed con- 
duction in the spinal cord. The patient 
was treated with steroid medication, 
and his condition gradually improved. 
Herpes simplex virus was isolated 
from a throat swab. Acute and conva- 
lescent serum studies collected 11 
days apart showed a stable high level 
of antibody to VZV. Antibody to VZV 
was found in the CSF in the absence of 
antibody to HSV and with normal 
protein content. There was a history 
of childhood Varicella but no recent 
vesicular skin lesions. On transfer toa 
rehabilitation unit, some weakness 
remained, particularly in the legs, and 
bilateral Babinski’s reflexes were 
present. 


Encephalitis 


Three patients were found to have 
encephalitis in association with anti- 
body evidence of VZV activity but 
without skin manifestations. In one 
patient, neurologic disability was 
manifest by transient bizarre behav- 
ior and an episode that may have been 
a seizure. The electroeneephalogram 
revealed generalized slowing, and the 
CSF contained 0.02 X 10° leukocytes 
per liter, about half of which were 
mononuclear. The neurologic dysfunc- 
tion occurred during hospitalization 
for pneumonia of undetermined etiol- 
ogy. Resolution of neurologic disabili- 
ty occurred during short-term hospi- 
talization. The second patient experi- 
enced four seizures but nad no focal 
neurologic signs. The electroencepha- 
logram was diffusely abnormal, and 
the lumbar puncture revealed 
0.03 X 10° leukocytes per liter, prepon- 
derantly mononuclear, and a CSF pro- 
tein of 1.02 g/L. Five days after hospi- 
tal admission, he was discharged feel- 
ing well, with normal examination 
results. 

The third patient, a 57-year-old 
man with a history of cutaneous 
scleroderma, was found to have signs 
of right hemisphere abnormalities 
after having had a severe headache 
for four days. On admission to the 
hospital, he demonstrated sensory, 
motor, and visual impairment on the 
left side and experienced a left-sided 
motor seizure that was generalized. 
The CSF contained 0.86 X 10° leuko- 
cytes per liter that were over 0.90 
mononuclear, with a protein level of 
1.14 g/L. Computed tomographic and 
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isotope brain seans were negative. On 
the susicion of HSV encephalitis, the 
paten“ began receiving acyclovir, and 
a brair biopsy specimen was obtained. 
The tient demonstrated marked 
resoyery over the next four days. The 
histepatholegic features of the biopsy 
specimen revealed meningoencephali- 
tis. buno virus was isolated. Howev- 
er, a diagnostie serologic rise to VZV 
but nat HSV was demonstrated. The 
patien= was discharged from the hos- 
pita! without neurologie deficit. 


COMMENT 


On e basis of the case review 
reported herein, one must conclude 
that VZV can affect all levels of the 
nerwous system in the absence of skin 
lesions It has been well known that 
cutaneous zoster is associated with a 
full spectrum of inflammatory neuro- 
loge disease. In comparison, the 
range of disorders previously associ- 
ated with zester sine herpete’ has been 
consid=rably more restricted. Ecche- 
varria et al' have recently demon- 
stratee the association of VZV infec- 
tion amd aseptic meningitis in the 
absenee of cutaneous vesicles. This 
case review, which was conducted 
beeause of observations made in the 
course of routine viral serologic 
studies. supports the association of 
aseptic meningitis with VZV activity 
witho? skin lesions. This study also 
demonstrates the association of VZV, 
withowt skin lesions, with inflamma- 
tory polyneurepathy, myelitis, and 
encepFalitis. 

Certain clinical features deserve 
comment. Three of the cases of aseptic 
meningitis nad moderately low levels 
of CS® glucose. Hypoglycorrhachia 
has be=n previously reported in VZV," 
aswel as in certain other viral infec- 
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vanicelle-zester virus. J Clin Microbiol 1987;25: 
832-535. 
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Inject Gas 1985,152869-875. 
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tela TJ Zoster encephalitis: Isolation of virus 
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tions. The case of polyneuropathy was 
originally diagnosed as aseptic menin- 
gitis before the evolution of signifi- 
cant weakness. While the bulk of find- 
ings in the case of myelitis were those 
of a cord lesion, there was some con- 
cern at the start of the illness, based 
on hypoactive deep tendon reflexes, 
that a radicular component was 
present. Cases have been observed in 
which a_radiculomyelopathy was 
present (eg, case 3 in reference 11). In 
the case reported herein, the isolation 
of HSV from a throat swab was inter- 
preted as nonspecific, as non-CNS 
HSV isolates are not of diagnostic 
value.? The presence of antibody in 
the CSF to VZV but not to HSV was 
interpreted as diagnostic. Although 
the sample size is small, two and 
possibly three of the cases of encepha- 
litis were associated with seizure 
activity. In the most severe and the 
most thoroughly studied case, hemi- 
spheral dysfunction was present and 
herpes simplex encephalitis was sus- 
pected as in the cases of Moller et al.” 
Each patient with encephalitis recov- 
ered. 

The configuration of inflammatory 
neurologic disease with serologic evi- 
dence of VZV activity, but without 
cutaneous vesicles, raises the question 
of disease mechanism. The issue is of 
importance since antiviral therapy, 
immunosuppressive therapies, or both 
might be considered in severe disease. 
Our study was serologically based so 
that we cannot present systematic 
data on virus isolation. No virus was 
isolated from the brain biopsy speci- 
men in case 8. Ecchevarria et al were 
unable to isolate VZV from the CSF of 
cases of VZV-associated aseptic men- 
ingitis without skin lesions.' In con- 
trast, VZV can sometimes be isolated 
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from the CSF in cases of cutaneous 
zoster unassociated with neurologic 
disease. Neuropathologic observa- 
tions in cases of neurocutaneous zos- 
ter present evidence for viral replica- 
tion and immune-mediated disease." 
In certain eases, the anti-VZV 
response may reflect reexposure to 
exogenous VZ\.'° Whether an immune 
response to lazent VZV infection” or 
to exogenous reexposure” carries with 
it the potential for an autoimmune 
response deserves consideration. On 
the basis of a specific history of chick- 
en pox in the two youngest patients 
and the age of the remaining patients, 
it is unlikely that these cases reflect 
subclinical chieken pex, but rather are 
unusual manifestations of zoster. A 
concerted effort should be made to 
determine if cases such as those 
described herein are associated with 
replicating virus. If so, antiviral ther- 
apy would be indicated. Similarly, the 
role of immune mechanisms needs 
clarification to determine if immuno- 
suppression should be considered in 
severe cases. 

Our intent in this report has been to 
alert clinicians to the broadened scope 
of inflammatory neurologic disease 
associated with VZV in the absence of 
skin lesions. The report is based on a 
retrospective case review that may 
underestimate the presence of cryptic 
skin lesions. Therefore, prospective 
observations are required to deter- 
mine the frequency of these syn- 
dromes and the types of therapy 
required. 
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“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) Also Plastic, ENT, Craniofacial, Maxillofacial, etc. OR PERSONNEL SYMPOSIA (ORP 700) 
APRIL 17-18-19 JULY 6-7-8 © 17-18-19 © 27-28-29 Symposia for OR Personnel only: 
MAY 1-2-3 © 15-16-17 © 25-26-27 AUGUST 14-15-16 © 28-29-30 JUNE 12-13-14 | 
JUNE 54-7 © 19-20-21 SEPTEMBER 11-12-13 © 25-26-27 AUGUST 34-45 


; The workshops are held each day from 7:00 a.m. to 1:00 p.m. They will emphasize a series of 
structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


AREA ATTRACTIONS; 
SIGHTSEEING—Disneyland, Knott’s Berry Farm with 165 attractions and rides, Movieland, 
Pacific Amphitheatre which is Orange County’s outdoor theater. Other convenient attractions 
are NBC Studios, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the 
beaches which are 20 minutes away. 

SPECTATOR SPORTS—Baseball with the California Angels, football with the 

Los Angeles Rams, and horse racing at Los Alamitos and Santa Anita. 
PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport 

fishing off the California coastline. 
FOOD—5,000 restaurants in Orange County are serving everything from 
Continental to ethnic cuisine. Fifty percent of the restaurants have re- 
ceived the Southern California Restaurant Writers award. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 (with 
letter from Department Head); All Operating Room Personnel (RN/CST/ 
PA/Other) $250.00. Make check to “Los Angeles/Anaheim Symposium.” 
Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, Texas 76111. 
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*Join the more than 7,100 enrollees who have completed Midas 
Rex Hands-On Workshops. (3,650 Orthopaedic Surgeons; 1,450 
eurosurgeons; 2,050 OR Personne’) 
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Having a baby is a time to take special care of yourself. When you’re pregnant, everything you eat 
and drink affects the child you are carrying. 


Drinking beer, wine or liquor may hurt your baby. Heavy drinking can result in serious permanent 
mental and physical birth defects. 


Alcohol is not something to be taken lightly during pregnancy. For baby’s sake. .. and yours... the 
safest choice is not to drink during pregnancy. 


For more information, write the National Clearinghouse for Alcohol Information, Box 2345, Rockville, 


MD 20852. 


NIAAA NATIONAL INSTITUTE ON ALCOHOL ABUSE AND 4LCOHOLISM 
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Divided Attention, as Measured by Dichotic Speech 
Performance, in Dementia of the Alzheimer Type 


Cheryl L. Grady, PhD; Alison M. Grimes, MS; Nicholas Patronas, MD; 
Trey Sunderland, MD; Norman L. Foster, MD; Stanley I. Rapoport, MD 


® To determine if impaired dichotic 
performance inpatients with dementia of 
the Alzheimer type is due to the inability 
to-divide attention or the inability to per- 
ceive degraded auditory stimuli, we mea- 
sured performance on tasks of both 
dichotic and degraded monotic speech 
materials. We atso examined whether per- 
cention ef degraded speech stimuli pre- 
sented menaurally is related to abnormal- 
ities of temporal lobe anatomy and physi- 
olegy, a= we have shown for dichotic 
performance. Although the patients were 
impaired on beth dichotic and monotic 
tests, significantly greater impairment 
was seen on the dichotic test. Our earlier 
finding of a significant relation between 
dichotic performance and measures of 
anterior temporal lobe atrophy and 
reduced glucose metabolism was repli- 
cated, bet no significant relation was 
found between monotic tests and mea- 
sures of temporal lobe integrity. We con- 
clude that the inability to divide attention, 
rather than abnormal processing of 
degraded stimuli per se, is reflected in 
peor dichotic performance in patients 
with dementia of the Alzheimer type, and 
thet dichotic performance, unlike de- 
graded monotic perception, depends 
directly en the integrity of temporal cor- 
tex in these patients. 

(Arch Meurol 1989;46:3 17-320) 
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Dementia of the Alzheimer type 

‘(DAT) is characterized by de- 
creased glucose metabolism in pari- 
etal, temporal, and frontal association 
neocortex,’ increased cerebral atro- 
phy,’ and impaired performance on 
neuropsychologic tests of memory, 
attention, abstract reasoning, lan- 
guage, and visuoconstruction.’*"° Im- 
paired attention, particularly complex 
or divided attention,'? is of particu- 
lar interest in patients with DAT, 
because of evidence that this impair- 
ment occurs early in the course of the 
disease and may reflect certain corti- 
cal metabolic abnormalities present 
at this early stage.’ 

In a previous article’? we examined 
divided auditory attention in patients 
with DAT, using the Staggered Spon- 
daic Word test (SSW), a dichotic test 
in which attention must be divided 
between different words that are pre- 
sented to each ear simultaneously. We 
found the patients with DAT to be 
significantly impaired on the dichotic 
test, compared with age-matched con- 
trol subjects, as have other investiga- 
tors.'* Furthermore, poor dichotic per- 
formance on the SSW was related to 
increased cerebral atrophy in the tem- 
poral lobes, as measured by computed 
tomography (CT), but not to atrophy 
in other areas of the brain. Patients 
who had greater atrophy in one hemi- 
sphere, compared with the other, per- 
formed less well when stimuli were 
presented to the ear contralateral to 
the side of greatest atrophy, a finding 
consistent with studies of patients 
with unilateral temporal lesions.'*’* 
Impaired performance in response to 
dichotic stimuli presented to the right 
ear also was related to reduced cere- 
bral glucose metabolism in the left 
temporal cortex, as measured by posi- 
tron emission tomography (PET), but 
was not related to metabolism in oth- 
er cortical areas. 


We interpreted the poor perfor- 
mance of our patierts with DAT to be 
due to the dichotic nature of the task, 
and suggested that their inability to 
divide attention was a reflection of 
the temporal lobe dysfunction demon- 
strated with PET and CT. The possi- 
bility remained, however, that im- 
pairment on a difficult, low redundan- 
cy monotic zask also might result 
from temporal degeneration. For 
example, impairment on degraded 
monotic tasks has been found in 
patients with unilateral temporal lobe 
lesions. Therefore, it was important 


to determine whether processing of — 


dichotie-divided stimuli per se is 
impaired in DAT, or whether there is 
a reduced ability to process any form 
of degraded auditory stimulus. To 
address that question we measured 
performance on tasks of both dichotic 
and degraced monotic speech 
materials in patients with DAT to see 
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if dichotic tasks are more sensitive to © 


the effects of dementia. We also 
examined whether perception of 
degraded speech stimuli presented 
monaurally is related to abnormali- 
ties of temporal lebe anatomy and 
physiology. 


PATIENTS AND METHODS 
Patients 


Thirty-two patients (18 men and 14 


women) with a clinical diagnosis of DAT © 


participated in the study. All patients met 
the National Institute of Neurological and 


Communicative Disorders and Stroke-Alz- — 


heimer’s Disease and Related Disorders 


Association criteria for “probable” or © 


“possible” Alzheimer’s disease” (30 and 
two patients, respectively). Nine of the 
patients had participated in our previous 
study"; 
patients were used in this analysis. Severi- 
ty of dementia ranged from mild to moder- 
ate, and the mean age of the patient group 
was 63.6 + 9.4 years. The control subjects 
were 33 healthy volunteers (15 men and 18 
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women), age-matched to the patients 
(mean age, 63.7 +7.0 years). All the 
patients and the control subjects demon- 
strated hearing sensitivity within normal 
limits for their age, ie, with bilaterally 
symmetrical high-frequency cochlear 
hearing impairments.'*"? 


Auditory Testing 


All patients were administered the SSW, 
list EE.” The SSW stimuli are spondaic 
words, which are two-syllable words in 
which each syllable is stressed (eg, tooth- 
brush). The spondees are presented so that 
the first syllable of the first spondee is 
presented monotically to either the right 
or left ear. The second syllable of the first 
word and the first syllable of the second 
are presented dichotically (ie, one syllable 
to the right ear and one to the left, simul- 
taneously). Finally, the second syllable of 
the second word is presented to the ear not 


-stimulated initially. Half of the stimuli are 


presented to the right ear first and half to 
the left ear first. 

The degraded monotic tests (in which 
half the stimuli are presented to the right 
ear and half to the left) consisted of lists 1 
and 2 of the Northwestern University 
Auditory Test No. 6,” time compressed at a 
rate of 60% (time-compressed speech test, 
or TCS), and lists 3 and 4 of the Northwest- 


_ ern University Auditory Test No. 6, low 


pass filtered at 1000 Hz (filtered speech 


test, or FS). 


All recordings of speech stimuli were 
from Auditec, St Louis. The SSW and FS 
tests were presented at 50 dB above the 
spondee threshold,” and the TCS was pre- 
sented at 40 dB above the spondee thresh- 
old,” to conform as closely as possible to 
published values on normal subjects. All 
testing was done in the same session, in a 
sound-isolated test booth using a clinical 
audiometer (Grason Stadler) and ear- 
phones (TDH49). The test order, and the 
order of presentation to the right or left 
ear, was randomized. 

Control subjects were tested in an iden- 


_ tical manner. However, not all of the con- 


trol subjects were given all three tests: 28 
were given the SSW test; 16, the TCS test; 
and 18, the FS test. 


CT and PET Scanning 


Informed consent for the imaging proce- 
dures was obtained from all demented 
subjects or their family members after the 
nature of the procedure had been fully 
explained. All but one of the patients with 
DAT received a CT scan within six months 
of the speech testing. Scans were carried 
out on a 8800 scanner (General Electric), 
with slices obtained at 10-mm intervals, 
parallel to either the canthomeatal or infe- 
rior orbitomeatal plane. Cortical atrophy 
in the anterior and posterior sections of 
the right and left temporal lobes was 
assessed by one of us (N.P.) who was not 
aware of other test results. Atrophy was 
graded on a 4-point scale, with 0 represent- 
ing a normal scan, and 3 denoting severe 
atrophy. The ratings were based on both 
suleal widening and ventricular dilata- 
tion. 
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Scatterplot of scores on three auditory tests for patients with dementia of the Alzheimer type 
(DAT) and control subjects (C). Boxes represent mean + 1 SD. Differences in group means are 
indicated by asterisks. SSW indicates Staggered Spondaic Word test; TCS, time-compressed 


speech test; and FS, filtered speech test. 


Sixteen patients underwent PET for the 
measurement of regional cerebral metabol- 
ic rates for glucose (rCMRgle). Fifteen of 
these patients were scanned within one 
month of auditory testing, and one patient 
was scanned five months after auditory 
testing. Positron emission tomography was 
performed in the resting state, with eyes 
covered and ears plugged, using fludeoxy- 
glucose F 18 as the radioactive tracer. The 
procedure has been described in detail else- 
where.** The scan was carried out with a 
tomograph (ECAT II, Ortec, Life Sciences, 
Oak Ridge, Tenn), which hasa within-plane 
resolution of 17 mm (full width at half max- 
imum). Seven planes were obtained parallel 
to and 10 to 100 mm above the inferior or- 
bitomeatal line. Metabolic rates were calcu- 
lated using a modification” of the opera- 
tional equation of Sokoloff et al.” 

For comparison of rCMRgle with perfor- 
mance on dichotic and monotic tests, 
rCMRglc was measured in the anterior and 
posterior sections of the superior temporal 
regions in each hemisphere. These regions 
were identified by comparing PET images 
with sections from a standard brain atlas.” 
The regions then were outlined and mean 
rCMRgle was computed for each region 
(schematic illustrations of these regions 
may be seen in Duara et al?). 


Statistical Analysis 


For each auditory test, right and left ear 
scores were obtained separately. For the 
SSW, these right and left ear scores were 
the number of correct identifications of 
stimuli presented to each ear in the dich- 
otic condition. To compare patients’ per- 


formance on the tasks with that of control 
subjects, right and left ear scores were 
averaged. A nonparametric two-sample 
test (Wilcoxon signed rank test) was used 
due to skewed distributions within groups 
(especially on the SSW, see Figure), and 
unequal variances between grcups. 
Impaired performance on the dichotic 
test relative to impairment on the monotic 
tests was examined in two ways. First, to 
see if more patients showed impaired per- 
formance on the SSW than on the monotic 
tests, a right or left ear score was consid- 
ered to be abnormal if it were 2 SDs less 
than the control mean value for that test. 
The number of patients with normal scores 
(for both ears) and the number with abnor- 
mal scores (for either or both ears) were 
tabulated for each test separately, and 
differences between these distributions 
tested by x’. Second, we evaluazed whether 
the degree of impairment on the SSW 
relative to control values exceeded impair- 
ment on the monotic tests. However, since 
the control subjects performed at different 
levels on the tests (ranging from roughly 
90% correct on the SSW to 60% correct on 
the FS test), direct comparison with the 
raw scores of the patients with DAT was 
not appropriate. Therefore, we calculated Z 
scores for each test score (right and left 
ear scores averaged) for each patient, 
using the control mean and SD. Paired t 
tests then were computed on these Z 
scores, comparing performance on the 
SSW with that on the TCS and FS, and 
performance on the TCS with that on the 


In addition, we examined the intercorre- 
lations of scores on the three speech tests 
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Table 1.— Correlation Coefficients 
Between Test Sceres for Patients With 
Derentia of the Alzheimer Type (DAT) 

and Control Subjects * 


Patiemts with DAT 
Sew 


0.37t¢ 

Cont! subjects 

SSW 0.88¢ 

*SSW indicates Staggered Spondaic Word test; 
TCS. time=compressed speech test; and FS, filtered 
speech tst. 

tP < IB. 

+P < D1. 


in the patients with DAT and control sub- 
jects to see if demertia affects how perfor- 
mance an the dichotic test is related to 
performance on the monotic tests. For this 
analysi® intertest Pearson correlation 
coefficients were computed on the com- 
bined scores (mean of right and left ear 
scores) tor the patients and control sub- 
jects, separately. 

To reate the degree of cerebral atrophy 
in a particular regian to impaired dichotic 
or mom=tic speech performance, patients 
were disided into two groups on the basis 
of the C7 rating for chat region. For exam- 
ple, patents with normal or mildly atroph- 
ic right anterior temporal regions were 
grompec together and patients with moder- 
ate to severe atrophy in the right anterior 
tempore. region mace up the second group. 
A two-way analysis of variance (ANOVA) 
with reweated measures then was carried 
out wit= main effects of right anterior 
tempore_ atrophy (none-mild vs moderate- 
severe) and side of stimulation (right or 
left ear) A similar ANOVA was calculated 
for the three remaining regions (right pos- 
terier temporal and left anterior and pos- 
terier rezions) on each of the three tests, 
resultine in a total cf 12 ANOVAs. 

To examine the relation between tempo- 
ral rCM&glc and performance on speech 
tests, Pearson correlation coefficients were 
computes’: between rCMRglc in each of the 
four bram regions and right and left ear 
scores omeach of the three tests, resulting 
in a tota of 24 correlations. 

RESULTS 

Seatterplots of all the test scores 
for the patients and control subjects 
are shown in the Figure. The patients 
with DaT as a group were significant- 
ty impaired on all tests. However, 
significantly more patients were 
impaired on the SSW than on the FS 
(18% vs 41%; x? = 7.8; P < .01) or the 
TCS (78% vs 19%; x? = 20.3; P < .01). 
An equivalent number of patients 
were impaired on the two monotic 
tests (x = 2.69, NS). In addition, the 
degree ef impairment on the SSW was 
greater than on the two monotic tests 
(SSW =z TCS, t= —5.83; P< .001; 
SSW ws FS, t=-5.46; P<.001), 
whereas performance on the two 
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Left anterior temporal 
SSW 


TCS 
FS 


Table 2.—Test Scores of Patients With Dementia of the Alzheimer Type Grouped According 


to Severity of Anterior Temporal Lobe Atrophy * 


Normal-Mild Moderate-Severe 
Atrophy Atrophy 
N= 11 N = 20 
Right anterior temporal 
SSW 78 + 18f 59 + 25¢ 


412% 16 
78 + 10 
N=9 


83 + 8 
41 + 16 
i ee EF 


41 + 20 
72 + 16 
N = 22 










59 + 25§ 
42 + 19 
72 + 16 





*SSW indicates Staggered Spondaic Word test; TCS, time-compressed speech test; and FS, filtered 
speech test. 

tMean + SD. 

Significant group difference, P < .05. 

§Significant group difference, P < .01. 


monotic tests was equivalent (TCS vs 
FS, t = 1.95, NS). 

The intertest correlations are 
shown in Table 1. For the control 
group the SSW scores were highly 
correlated with both the TCS and FS, 
and scores on the two monotic tests 
also were correlated, but to a some- 
what lesser extent. The pattern was 
reversed for the patients with DAT in 
whom performance on the SSW was 
only minimally correlated with per- 
formance on the TCS and FS, account- 
ing for less than 15% of the total 
variance, compared with 50% or 
greater in the control subjects. Con- 
versely, scores on the monotic tests 
were highly correlated in the patients 
with DAT. 

Table 2 shows the mean dichotic 
and monotic scores for the patients, 
grouped by severity of atrophy in the 
anterior temporal regions. The scores 
presented in Table 2 are the averages 
of the right and left ear scores, since 
there were no significant ear effects 
or interactions of atrophy and side of 
stimulation. The SSW scores were sig- 
nificantly related to atrophy in both 
hemispheres such that those patients 
with more severe atrophy in the ante- 
rior temporal regions showed poorer 
SSW performance than did those with 
less atrophy. Staggered Spondaic 
Word performance was not related to 
atrophy in the posterior temporal 
region of either hemisphere. There 
also was no significant relation 
between atrophy in any region and 
monotic performance on either the 
TCS or FS. 

Of the 24 correlation coefficients 
between test scores and rCMRglc, two 
were statistically significant: between 
the right SSW and rCMRglc in the left 
anterior superior temporal region 
(r = 0.58; P<.05), and between the 
right SSW and rCMRglc in the left 


posterior superior temporal area 
(r = 0.57; P < .05). None of the corre- 
lations involving the monotic tests 
and rCMRgle reached statistical sig- 
nificance. 


COMMENT 


In this study, we replicated our ear- 
lier finding of impaired dichotic per- 
formance in patients with DAT, and 
we have extended the findings to show 
that degraded monotic performance 
also is impaired, but to a lesser extent. 
Not only do more patients with DAT 
show impaired dichotic performance 
than impaired monotic performance, 
but the degree of impairment on the 
SSW is greater when compared with 
control values. Thus, impaired mono- 
tic performance indieates that corti- 
cal auditory processing of difficult 
stimuli is abnormal in DAT, but the 
additional impairment on the dichotic 
task reflects the more specific deficit 
in divided attention found in these 
patients. Indeed, the control subjects 
generally performed better on the 
SSW than on the monotic tasks, which 
makes the impaired performance of 
the patients with DAT even more 
striking. 

Our finding suggests that poor dich- 
otic performance on the SSW is due 
specifically to the competing nature of 
the task and the patients’ inability to 
divide attention. This susceptibility to 
the effects of competing tasks also has 
been demonstrated in patients with 
DAT on the interference condition of 
the Stroop Color and Word test.” This 
test involves the competing processes 
of naming the colors of ink in which 
words are printed while ignoring the 
words themselves, for example re- 
sponding “green” to the word red 
printed in green ink. Poor perfor- 
mance on this test has been found in 
patients with DAT, even in the most 
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mildly demented patients.’ Similarly, 
patients with DAT perform more 
poorly than control subjects in a dual- 
task condition in which a letter classi- 
fication task and a simple reaction 
time task are presented concurrent- 
ly. Although these tests measure dif- 
ferent aspects of cognition in a variety 
of modalities, and may be mediated by 
different brain regions, all are similar 
to the SSW in that they represent 
conditions of competing processes or 
divided attention. Impairment on 
these tests supports the interpreta- 
tion of our dichotic results that tasks 
involving complex or divided atten- 
tion are particularly difficult for 
patients with DAT to accomplish. 
There are several possibilities that 
could explain why dichotic speech per- 
ception is difficult in DAT. Metabolic 
dysfunction and neuronal loss (atro- 
phy) in left temporal association cor- 
tex could disrupt the auditory pro- 
cessing of speech such that one stimu- 
lus has a relatively high probability of 
being processed correctly, but two 
such stimuli presented simultaneous- 
ly would stress the already compro- 
mised system and lead to a breakdown 
in processing, consistent with the 
model proposed by Sparks et al.'* In 
addition, there is increased metabolic 
asymmetry and decreased functional 
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coupling between homologous regions 
in the two hemispheres in DAT,” 
which probably results in poorer com- 
munication between the right and left 
temporal lobes, further decreasing the 
patient’s ability to perform a dichotic 
task. However, the influence of other 
brain regions in a more general atten- 
tional deficit cannot be ruled out. It 
has been suggested that a disorgani- 
zation of the integrated activity of the 
frontal and parietal lobes in DAT” 
may affect the system for directed 
attention that is mediated by these 
areas,” resulting in impaired perfor- 
mance on tasks involving complex 
attention, such as selective attention 
or shifts in attention.’ This disruption 
of the frontoparietal attention system 
(that could occur after either parietal 
or frontal damage) also may affect the 
processing of dichotic stimuli, either 
directly, or by interacting in some way 
with a more specific temporal lobe 
deficit. 

Degraded monotic task perfor- 
mance was not related to any of the 
structural or physiologic measures of 
temporal cortical integrity that were 
examined in this study. Dichotic per- 
formance again was found to be sig- 
nificantly related to bilateral atrophy 
in the anterior temporal lobes, and to 
reduced glucose metabolism in the left 
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impairment of dichotic performance 
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ments obtained from the imaging 
techniques used in this study, our 
results suggest that dichotic perfor- 
mance depends on temporal associa- 
tion cortex. On the other hand, perfor- 
mance on the monotic tests does not 
appear to be related directly to tempo- 
ral lobe function in patients with 
DAT. Performance on degraded 
monotic tasks is abnormal, however, 
and may reflect a more general cogni- 
tive deficit rather than a specific defi- 
cit mediated by temporal cortex. The 
intertest correlation results support 
this idea that abnormal monotic per- 
formance is due to a different type of 
dysfunction, since correlations be- 
tween scores on the monotic tasks are 
maintained in patients with DAT, 
whereas correlations between monotic 
test scores and SSW performance are 
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Controversy in Neurology 


Consensus and Controversy in 


Neurologic Practice 


The Case of Steroid Treatment in 


Multiple Sclerosis 


Matthew Menken, MD 


[N RECENT years, consensus has 
emerged as a powerful tool for eval- 
uating the appropriateness of selected 
applications of new technologies in 
medical practice and for setting the 
standards of practice in defined situa- 
tions. As used in this context, the 
concept of a consensus reflects the 
extent to which there is agreement 
among experts in matters of opinion 
and thus represents the collective 
viewpoint of workers in a certain 
field. The consensus process has been 
shown to be highly sensitive to evi- 
dence derived from biomedical re- 
search: the better the empirical evi- 
dence, the greater the consensus.’ 

As presently used, however, the 
consensus process assumes that the 
patterns of responsibility for practic- 
ing neurologists and other physicians 
follow directly and exclusively from 
the development of a consensus 
founded on the best available biomed- 
ical evidence in the peer-reviewed lit- 
erature. The general question of 
importance for clinicians is whether 
standards of good medical practice for 
each disorder are uniform across all 
specialties and subspecialties and in 
all care settings. A litigious climate of 
medical practice, such as presently 
exists in the United States, further 
underscores the need to clarify and 
delineate an answer to this question. 

I would suggest that the answer to 
this question is “no” and that the 
consensus process is always contin- 
gent on the question, a consensus for 
whom? A distinction is here drawn 
between biomedical studies of specific 
neurologic disorders and biopsychoso- 
cial studies of people and their fami- 
=- lies with such disorders, each sug- 
gesting the use of different kinds of 
evidence and somewhat different 
methodologies. A consensus based on 
biomedical evidence alone rarely 
exists in medical practice, which is 
moored in the domain of human expe- 
rience and illness behavior. 
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A case in point is the view that since 
high-dose, intravenously adminis- 
tered methylprednisolone shortens 
the duration of acute relapses in mul- 
tiple sclerosis (MS), the indications 
for its use are thereby defined. I 
would respectfully disagree that the 
available evidence constitutes a con- 
sensus viewpoint for practicing neu- 
rologists.* In my view, the routine use 
of this treatment protocol is appropri- 
ate only in research and referral cen- 
ters staffed by neurologic subspecial- 
ists participating in clinical investiga- 
tion, because that is the care setting 
where most, if not all, of the available 
scientific evidence has been obtained. 
I would suggest that the perception of 
a consensus among physicians cannot 
be dissociated from the social (care) 
setting in which knowledge is devel- 
oped and transmitted. 

The treatment of MS outside of 
referral centers requires self-re- 
straint by the neurologist.*’ It must be 
made clear to all patients that no 
pharmacologic or other therapy pres- 
ently available confers lasting benefit. 
If most patients treated with intrave- 
nous methylprednisolone have im- 
proved at four weeks but are no better 
off than controls at 13 to 35 months,’ 
then the evidence is also clear that 
most treated patients do worse than 
controls between the end of the first 
four weeks and 12 to 34 months later. 
To develop appropriate patient care 
protocols for chronic disorders like 
MS, short-term elinical studies are 
necessary but not sufficient. Many 
practicing neurologists have noted 
obvious clinical improvement in 
response to corticotrepin, steroids, 
and other therapies, and yet a second 
magnetic resonance imaging scan 
shows no change er new lesions.‘ 

Patients with MS and their families 
are desperate for help, and invariably 
are frightened by the awareness that 
no cure is available. It seems likely 
that practicing neurologists, having 
provided a course of intravenous 
methylprednisolone and having 
shared their patients’ exhilaration as 
the clinical benefit beeame evident, 
will also share their patients’ frustra- 
tion as the temporary improvement 


evaporates with time and will resort 
to the use of orally administered ste- 
roids and repeated courses of intrave- 
nous steroids. Must the tragic experi- 
ences of the 1960s be repeated, when it 
was not unusual to encounter patients 
with MS devastated not by the disor- 
der itself, but rather by the injudi- 
“cious use of long-term corticoste- 
roids? Until and unless evidence is 
presented that use of intravenous ste- 
roids (or other therapy) alters the 
quality of life for patients with MS for 
longer than four weeks, there can be 
no consensus as to the appropriate 
role of this technology for most 
patients. 

Examining the universe of neurolo- 
gists presently treating patients with 
MS, Snow would likely identify two 
cultures: one more expert in neurobi- 
ology and its aberrations and the oth- 
er more expert in people and their 
aberrations.’ Practicing neurologists 
in the latter category will eschew 
intravenous methylprednisolone for 
the majority of their patients with MS 
and will refer other patients for 
short-term care to teaching and 
research centers for therapies of 
unproved long-term value. The quali- 
ty and effectiveness of neurologic care 
for patients with MS are determined 
not only by a sufficient number of 
well-trained neurologists, state-of- 
the-art facilities, and adequate fund- 
ing and other resources, but also by 
the way in which the provision of 
services is organized, including effec- 
tive regionalization of care among dif- 
ferent groups of health personnel, 
patients, and institutions.’ 
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History of Neurology 


e in 8”, the New York Neurological 
Seciety appointed a committee of distin- 
guished mesrologists to investigate the 
claim o° ephthalmic surgeon George 
Thomas Stevens that he could cure cho- 
rea and epilepsy through correction of 
refractive ewors and strabismus. After 2% 
years, the sepervised therapeutic trial col- 
lapsed amie mutual recriminations. The 
commission issued a bland statement to 
the effeet ‘hat the treatment was not 
curative anc wes insufficiently helpful to 
recommend The idea of ocular reflex 
causatior amd surgical cure of ‘‘neu- 
roses” oesisted for several more 
decades n fhe face of increasing skepti- 
cism and reaistance. 

(Arch Neurol 1989;46:323-324) 


A centary ago the term “neurosis” 

was used to describe neurological 
diseases without consistent pathologi- 
cal changes such as epilepsy, chorea, 
narcolepsy, migraine, and hysteria. 
“Reflex” fsctors were thought by 
many to be an importent cause of 
manifest r=urosis: A degenerative 
genetic burden resulted in a limited 
supply ef “nerve force” that was fur- 
ther deplete] by stresses such as med- 
ica! illmess. fright, city life, brain 
work, highe education (for women), 
or excessive efforts required to focus 
the eyes. Waen nerve force depletion 
reached (hmshold, neurosis ensued. 
The type of neurosis was seemingly a 
chance oeeerrence, or ene slightly 
influenced by inborn predispositions, 
anc could as well manifest itself as 
tuberculosis alcoholism, or epilepsy, 
as neurasthenia. 

Hansell’ n a 1906 book that de- 
voted 85 pages to “neuroses occa- 
sioned by ey=-strain,” credits the dis- 
covery of ocular reflex neuroses to 
William Thompson, a local Philadel- 
phian, in 183. However, the idea was 
certainly edr: In 1875, cautious phy- 
sician, Joha Hughlings Jackson,’ 
offered the opinion that he always 
censiderec tae state of refraction in 
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patients with minor neurological 
afflictions. S. Weir Mitchell,’ still 
offended in 1894 that his early warn- 
ings about the dangers of eyestrain 
had not been acknowledged, credited 
Ezra Dyer with importing the concept 
from Germany in 1862. Mitchell con- 
sidered eyestrain to be an important 
cause of “headache” (but not 
migraine), “vertigo, nausea, anaemia 
and much disturbance in general 
health...owing to...increased sen- 
sitiveness of brain from moral or 
mental causes.” He doubted a connec- 
tion between eyestrain and seizures or 
chorea, advocated “glassing” the 
patient to correct refractive errors, 
and had no enthusiasm for strabismus 
surgery as a treatment for neurologi- 
cal disease.’ 

However the “credit” for discovery 
of reflex ocular neuroses is appor- 
tioned, the Americans, led by George 
Thomas Stevens,* a New York oph- 
thalmologist, became the principal 
surgical enthusiasts. Stevens believed 
that refractive errors and ocular devi- 
ations were the major, but not the 
only, cause of such neuroses as chorea 
and epilepsy. His ideas, published in 
1887 in Functional Nervous Diseases 
(Fig 1),* were accompanied by a series 
of paired facial photographs of 
patients with epilepsy and chorea, 
taken before and after ocular treat- 
ments, offered as proof of success. The 
considerable publicity for this surgi- 
cal approach was aided by the enthu- 
siastic support of Ambrose L. Ranney, 
a New York neurologist and author. 

Charles L. Dana, MD, professor at 
Cornell Medical School and president 
of the New York Neurological Society, 
issued an invitation to Dr Stevens to 
address the Society on the topic of the 
“relation of ocular disturbance to ner- 
vous disease.’*® On March 1, 1887, Ste- 
vens read his article, entitled “Irrita- 
tions Arising From the Visual Appa- 
ratus Considered as Elements in the 
Genesis of Neuroses” before the Soci- 
ety. Two weeks later, the Judicial 
Council of the Society appointed a 
committee to examine cases sub- 
mitted to Stevens, and Dr Dana wrote 
the following to him: “All these gen- 
tlemen are anxious to learn the truth 
regarding the efficacy of your meth- 
ods, and I think that a report valuable 


to science and creditable to yourself — 


will result.” 
Stevens agreed to a supervised trial 


with a number of st_pulations, includ- — 


ing the following: 


The cases selected should be decent in 
manner and dress.... Photographs... 


which fairly represent the physiognomy of — 
the persons... should de obtained in every — 


case in advance and at such subsequent 
time as may be agreed upon...; the nega- 
tives should net be retouched.’ ...(The 
Commission) “should ensist of gentlemen 
not only well known to the medical profes- 
sion, but who have not publicly assumed an 
attitude so adverse to my views or to 
myself personaly, thet their judgement 
might be influenced by such a circum- 
stance‘ 


After considerable negotiating, the 
Commission, consiszing of Drs E. 


Seguin, W. R. Birdsall, M. A. Starr, — 
W. O. Moore, D. Webster, F. P. Foster, — 
and C. L. Dang, was 2njoined to enter > 


12 to 20 new patients, verified by the 


commission as suffering from chorea — 
or epilepsy. Patients were then to be © 


referred to Dr Stevens, and, if found 
to have suitable ocular difficulties, 
would be examined by the commis- 


sion’s own ophthalmologists as well. 


Appropriate ocular tiaerapy would be 
performed by Stevems, and patients 
would be followed by both Stevens and 
the referring neurologist. 

After 2% years the study dissolved 
amid mutual accusat ons. Dana com- 
plained that Stevens refused access to 
patient records, hac “pandered to 
popular prejucice” n discouraging 
patients from takinz their proved 


medicines (bromides “or seizures and > 


arsenic for chorea), end had created 
headaches, vertigo, and troublesome 


diplopia in some patients by his sur- 


gery. Stevens countered that not only 


had too few patients been referred but 


some of them suffered from syphilis 
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and other organic conditions. Seguin, 
taking umbrage at Stevens com- — 


plaints, rejoined: “that part of Ste- 
vens’ remarks which reflected upon 
the fairness and integrity of the Com- 
mission needed no rep_y, the names of 
the members of the Commission being 
sufficient answer.’” 

Although 23 patients underwent 
surgery in the study, zhe commission 
published a limited report, based on 
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Fig 1.—Title pages of Stevens’ Functional Nervous Diseases‘ (right) and Ranney’s supporting 
echo ten years later, Eye-strain in Health and Disease’ (left). 





Fig 2.—Before-and-after eye muscle surgery photographs from Functional Nervous Diseases,‘ 
showing patient looking less “neuropathic” perhaps, but having a somewhat greater head tilt 


after surgery. 


available data, that generously rated 
six patients improved, seven unim- 
proved, and one unknown, and con- 
cluded rather cautiously that “the 
method of Dr. Stevens does not afford 
a sufficient degree of relief to patients 
suffering from chorea and epilepsy to 
warrent its adoption.”® 

Ranney‘ and a number of ophthal- 
mologists continued to support Ste- 
vens’ ideas. Successful cures of a wide 
variety of neurological complaints 
with “a few snips of the scissors, of a 
stroke or two of the knife” continued 
to be reported to progressively 
increasing skepticism. Dana and 
Starr in New York, and Weir Mitchell 
and his ophthalmic colleague, G. E. 
deSchweinitz, in Philadelphia, com- 
piled increasing evidence against any 
therapeutic benefits of strabismus 
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surgery for chorea and epilepsy.’ 

Stevens himself, in the introduction 
to a second book, Motor Apparatus of 
the Eyes, published in 1906, repeated 
the claim that 
difficulties of adjustments of the eyes are a 
source of nervous trouble, and more fre- 
quently than other conditions constitute a 
neuropathic tendency. ... An experience of 
nearly thirty years has fully confirmed 
this proposition. 

The book itself, however, was a rel- 
atively straightforward account of 
clinical oculomotor pathophysiologi- 
cal conditions with just an occasional 
detour for such suggestions as pre- 
venting tuberculosis by surgically 
realigning the visual axes to a lower 
plane to prevent boys and girls from 
hanging their heads downward and 
interfering with respiration.%+26 


One worthwhile suggestion, which 
unfortunately dropped from sight 
faster than his therapeutic ideas, was 
to distinguish pendular from jerk nys- 
tagmus, using the word “talantropia” 
(Greek for oscillating) for pendular 
oscillations.“ 

The Stevens commission was a 
noteworthy event in Ameriean neurol- 
ogy for a number of reasons. Although 
probably not completely selfless, it 
was an early attempt at prompt scien- 
tific evaluation of a therapeutic claim 
that struck many neurologists as 
counterintuitive and contrary to their 
experience. It was surely one of the 
most compulsively and publicly docu- 
mented of any local medical society 
subcommittee investigation. Rarely 
since has so public and effective a 
challenge been thrown across medical 
specialty lines: The fact that it finally 
required an otolaryngologist to damp- 
en enthusiasm for the surgical treat- 
ment of Bell’s palsy’ is one recent 
example of the refractoriness of spe- 
cialties to influence from outsiders. 
The extensive misuse of before-and- 
after facial photographs (Fig 2) was 
an early example of an advertising 
technique that continues to be im- 
mensely popular, despite the decline 
of the pseudoscience of physiognomy. 
Finally, the Stevens Commission 
reminds us that sinee their beginn- 
ings as specialty practitioners, neu- 
rologists have felt the need to de- 
fend the frontiers of their medical 
territory. 
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Reminiscences 


Charles D. Aring, MD 


To understand what is happening today 
or will happen in the future, I look back. 
OLIVER WENDELL HOLMES 


s all roads once led to Rome, so a 
~~~ goodly proportion of the 20th cen- 
tury cadre of young, English-speaking 


_ students and physicians interested in 
neurology were oriented toward Lon- 


don and the National Hospital, Queen 
Square. Beginning in the 1920s, and 
for several decades thereafter, aspir- 
ing neurologists made or were desir- 
ous of making the pilgrimage. 
Among the then great neurologists 
of the National Hospital was Gordon 
Holmes, a then-ranking master of 


= what may be regarded as the induc- 


tive clinical method. A clerkship with 
him was a prized opportunity, a 
unique experience that a generation of 
neurologists and even psychiatrists 
recognized later as a high point in 
their training. 

I had completed my neurological 


the Boston City Hospital and was 
occupied in a fellowship in neurophys- 
iology with John F. Fulton at Yale 
University, New Haven, Conn, when I 


_ began contemplating a Wandérjahr 


abroad. The Rockefeller Foundation 


was contributing to the support of 
both departments where I trained, 


and, quite naturally, it occurred to me 
to approach the foundation, then 
interested in the development of the 
neurological disciplines. The result 
was that I was awarded a fellowship 


_ to take effect on the completion of my 


work at Yale. I was considered a likely 
recruit to academe. 
In those days, a small pox vaccina- 


4 tion was required to travel abroad. 


; 


f 
p 
k 
( 
| 
’ 
t 
i 


Ten days after innoculation, I came 
down with postvaccinal encephalitis, 
an addition to my personal collection 
of nervous system syndromes (polio- 





Accepted for publication June 6, 1988. 

From the Department of Neurology, Universi- 
ty of Cincinnati College of Medicine, and the 
Mayfield Neurological Institute, Cincinnati. 

Presented in conjunction with the Fourth 
Annual Charles D. Aring Lecture, Cincinnati, 
May 27, 1988. 

Reprints not available. 


= 326 Arch Neurol—Vol 46, March 1989 


` -y ~ 7 < > 


4 A Neurological Wandérjahr 
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myelitis at 1 year of age and migraine 
at puberty). Serial spinal taps over 
the days revealed white blood cells in 
my cerebrospinal fluid (164, 312, 140, 
and 65 X 10°/L, respectively, all lym- 
phocytes and large mononuclear 
cells). I do not recommend having an 
illness to learn about it, but it helps. 


IRELAND AND ENGLAND 


While recuperating from the effects 
of encephalitis, Mrs Aring and I 
toured the coast of the Irish Free 
State before my clerkship with Gor- 
don Holmes at the National Hospital. 
That summer, the meetings of the 
Second International Neurological 
Congress (the first was held in Bern, 
Switzerland, in 1931) were in London, 
allowing a glimpse of such giants as 
Sherrington, Pavlov, and Freud. It 
was also the 100th anniversary of the 
birth of John Hughlings Jackson (1835 
to 1911), the father of British neurolo- 
gy. Otfrid Foerster, with whom I was 
to visit later in Breslau, Germany, 
gave the Jackson Lecture at the Con- 
gress on the Motor Cortex in Man in 
Light of Hughlings Jackson’s Doc- 
trines (Brain 1936;59:135-159). 

After the meetings of the congress, 
I began on Holmes’ service. Holmes 
was a magnificent teacher, tending to 
distrust speculation and relying rath- 
er entirely on accurate recording of 
clinical data and its correlation with 
pathology. He was meticulous in his 
search for subtle signs of disease at 
the bedside. It was exciting to watch 
him in action. On occasion, he would 
arrive early for rounds, with several 
wards to cover, and yet stop by a 
patient whose condition had defied 
diagnosis. Putting all else aside, he 
would spend several hours with this 
one patient, taking a detailed history 
all over again and doing a thorough 
neurological reexamination. He never 
took short cuts, and his animated fas- 
cination with “old cases” was conta- 
gious. 

Holmes took great delight improv- 
ing on the detailed neurological exam- 
inations of his house staff. His clerks 
came to love this big bear of a man, 
with his superb clinical acumen, accu- 


racy, and patience, and then there was 
always his Irish sense of humor. In 
our attempts to keep up with the 
master, we avidly pursued the signs, 
particularly the sensory disturbances 
emanating from cerebral lesions. His 
searches for symptoms and signs, 
besides his always impressive pres- 
ence, redirected our technique of 
examination so as not to be caught 
short. 

We knew something about the spe- 
cial and outstanding centributions of 
Holmes to the literature, and these 
also directed our bedside manners. 
His series of investigations on the 
physical signs of nervous disease in 
man, such as after war injuries to the 
brain, cerebellar diseases, and the 
physiologic and anatomic study of the 
cortical representation of vision and 
of visual orientation and attention 
demanded our best attention to 
present cases to him. His researches 
were all brought to bear in his bedside 
teaching. 

Having had a rigorous neurological 
training before working with Holmes, 
I was just a bit discomfitted by his 
propensity to refine what I considered 
to have been a searching examination. 
Over the months that I made rounds 
with him, I closely attended to his 
method, which turned out to be simple 
and what every expert physician 
knows. When Holmes finished taking 
a history, he knew exactly what to 
look for in his laying on of hands, and 
he most always found it. He knew so 
well the story of disease of the ner- 
vous system that he was able to tap in 
on the patient’s repertoire, to elicit in 
the history what he knew should be 
there. 

Holmes never had a university post 
or title and he practiced neurology in 
a general hospital and in private prac- 
tice, as well as in this specialty hospi- 
tal. During his more than half a cen- 
tury (1901 to 1956) of voluntary 
achievement, he received neither uni- 
versity recognition nor support.’ 

Although Holmes’ clerks devoted 
the major part of their time to his 
service, it was possible to ettend the 
rounds on firms, as they were called, 
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other thaa one’s own. Since I had a 
neurophysiological orientation, I 
gravitatec naturally to the rounds of 
those members of the staff so ori- 
ented. At the time, these were E. 
‘ynold Carmichael, Derek Denny- 
Brown, ard F. M. R. Walshe. Walshe 
preferred to round exclusively with 
tae menzbers of his own firm, so that 
it was only later that I became better 
acquainted with him. He? had served a 
leetureship in clinical physiology with 
Sir Chares Sherrington at Oxford 
University, encouraging his synthesis 
of neurephysiology and clinical neu- 
rology. Fe had also been a house 
surgeon t Victor Horsley and a col- 
league of the great Wilfred Trotter. 
Walshe Became editor of Brain in 
succession to Holmes. 

Few sbkysicians usec the language 
with suck facility as Walshe. For a 
goodly pact of my clinical life, his was 
the voise of conscience of neurology. 
He was ir possession of the then basic 
science o neurology, as well as the 
clinical sxills, and had the language 
with whieh to express them. With his 
flashing wit, he could be devastating 
im debate Those who published did 
well if they considered his critical 
serutiny. Walshe occupied a rather 
unique pesition in neurology. 

At the Nationa! Hospital, it was 
Gisconeer-ing to meet with indiffer- 
ence to psychological problems in such 
sophistiz=tes of neurology. It seemed 
that ther goal was to shed such 
patients. My experience at Cincinnati, 
Beston. and New Haven, with ready 
access to ssychiatric tenets, made this 
delusive dichotomy? the more star- 
tling. Im an era of expanding psycho- 
logical irsight, I do not recall much 
staff interest in this aspect of medi- 
cine during my year at the National 
Hospital, with one exception. This was 
net their forte. 

Psychictric patients were dubbed 
“mental” and were handled with an 
ineptness not exhibited with those 
suffering primarily with neurological 
problems An exception illustrating 
the rule was Charles Symonds. 
Symonds brought to bear in neurolog- 
ieal diagaosis and treatment a more 
fective recognition of the part 
played by emotional factors and 
therefere a more precise evaluation of 
the medieal history. I joined Symonds’ 
sounds whenever it could be man- 
aged. 

The an-ipsychiatric orientation was 
illustrate] in a round conducted one 
day by a famous and, perhaps, most 
flamboyant member of the honorary 
staff. Surrounded by his usual bevy of 
Reuse staff and clinical clerks, he 
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summoned someone belonging to his 
firm from the periphery of his audi- 
ence to the bedside of a scantily clad 
girl who was moving up and down— 
levitating so to speak—in a manner 
suggestively lascivious. Pointing to 
her, he said, “Dr X, I thought Freud 
put an end to this sort of thing!” Dr X, 
who had come from a Jungian analy- 
sis at Burghdélzli and who later 
became a leading United States psy- 
chiatrist, was rendered relatively 
speechless, an unusual state of affairs 
for him. 

This was in the tradition of the 
National Hospital at the time, a tradi- 
tion impatient with the concepts of 
the then-modern psychiatry, especial- 
ly as they were emanating from Vien- 
na. To the Queen Square neurologists, 
Freud’s greatest recommendation was 
that he had worked with Jean-Martin 
Charcot, the great French neurologist, 
and had published interestingly from 
his neurological experience. 

I was taken with the care exhibited 
at the National Hospital in the analy- 
sis of the gait, due perhaps to the 
influence of George Riddoch, whose 
clinics I attended on occasion. His 
desk was located strategically at the 
far end of the room from the entrance, 
allowing the opportunity to observe 
patients traversing the room. With 
the patient seated beside his desk and 
before eliciting a history, Riddoch 
would turn to his audience of clerks 
and ask not only for a description of 
the gait but also for diagnostic specu- 
lation. Thereafter, I scrutinized more 
carefully people walking on the street 
or anywhere. 

Riddoch’s method was probably 
responsible for one of the few neuro- 
logical films consistently useful in 
teaching, entitled “The Gait,” nar- 
rated and presented by E. Arnold 
Carmichael. I still consider it to be 
one of the few neurological teaching 
films worth viewing and reviewing. 

In one of Carmichael’s rounds that I 
attended, he discussed the migraine 
syndrome in relation to a patient we 
were seeing, observing that those 
patients who had their attacks invari- 
ably on the same side of the head were 
more prone to harbor aneurysms than 
those who did not. I and the maternal 
side of my family had had migraine 
through at least four generations. By 
the time I reached the National Hos- 
pital, I had experienced many of the 
manifestations of this multifarious 
syndrome. Since onset in puberty, 
without exception I had experienced 
headache on the left side and neuro- 
logical signs and symptoms, if any, on 
the right side. I had one attack of 


dysphasia lasting several hours at the — 


age of 31 yars. As one may have © 


surmised, my next attack following on _ 
Carmichael’s statement was with © 
scintillating scotoma in the left field 
of vision and headache on the right. 
Thereafter, some 10% of my attacks 
were of this nature, some evidence of 
the vagaries introduced by the psyche 
into neurology. 

Residence in London afforded a 
ready opportunity for assembling a 
library. Secondhand book shops 
abounded, many with proprietors who 
were not cognizart of the value of 
books. A number o? us were intent on 
developing a professional library and, 
toward this end, spent two or three 
half-days monthly searching for the 
desired titles. Some fancier shops 
published catalogues and catered to 
the cognoscenti. We were not much 
interested in the purchase of books 
priced over several shillings or, on 
rare occasion, a pound or two when 
the pound was worth a bit more than 


In London, I gathered several hun- 
dred volumes that were the nucleus of 
the library that I presented to the 
department when I retired. The collec- 
tion was mostly from England, laced ~ 
with purchases made in Ireland, — 
Spain, Germany, and, of course, the 
United States. 

During the year at the National | 
Hospital, I spent what time I could 
muster in the neuropathology labora- 
tory directe by J. Godwin Greenfield. 
Greenfield, besides being one of the 
world’s leading neuropathologists, 
was a kindly, patient gentleman with 
a twinkling sense cf humor. Under his 
tutelage, I studied" an example of the 
Arnold-Chiari melformation in an 
adult. Holmes wou.d drop by the labo- 
ratory on oecasior; he always main- 
tained his interest in neuropathology. 
Observing erasures in my notes, he © 
remarked that his colleague, Henry 
Head, recommended crossing out 
rather than erasirg, since one might 
later want to know what had previ- 
ously been written. 

As later with Walshe, I became 
friendly with Greenfield and also his 
family. When I became chairman of 
the department at Cincinnati, we were 
privileged to have both these stimu- 
lating teachers es visiting profes- 
sors. 

For a half dozen years after return- 
ing to Cincinnati, I served as neuro- 
pathologist along with Joseph P. 
Evans, a pupil of Wilder Penfield. He 
had been at Queen Square the same 
time as I and later came to Cincinnati 
in charge of university neurosurgery. 
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It was due directly to my work with 
Greenfield that I was able to serve in 
this capacity until a full-time neuro- 
pathologist was secured. Dr Alan 
Gregg and his staff at the Rockefeller 
Foundation were instrumental in the 
establishment of academic neurology 
and neurosurgery in Cincinnati. They 
assisted in the development of the 
neuropathological laboratory that 
served as a fulcrum. The foundation 
also provided me a grant for a didactic 
psychoanalysis to round out my psy- 
chiatric training. 

A delightful member of our peer 
group at Queen Square was Denis 
Williams, a Welshman who held a 
research fellowship with E. Arnold 
Carmichael. He later became senior 
physician at Queen Square and the 
editor of Brain. Possessing a wonder- 
ful sense of humor, he served as a butt 
for American complaints about things 
British, including the weather, the 
mores, and the customs. It is to be 
noted that American clerks considera- 
bly outnumbered British clerks dur- 
ing my tenure. Williams gave as good 
as he got. We became fast friends, and 
I visited with his family in Manches- 
ter, where his father was curate of a 
parish. Later, when I chaired the 
Department of Neurology at Cincin- 
nati, Williams served as visiting pro- 
fessor on a number of occasions, an 
experience treasured by staff and stu- 
dents alike. Williams and I still main- 
tain a desultory correspondence. 

The year in London was most grati- 
fying. We visited other educational 
centers, Dublin, Cambridge, Manches- 
ter, and Oxford, for example, and 
their bookshops as well. I was among 
several Americans attending the 
meetings of the British Society of 
Physiology, courtesy of Dr Carmi- 
chael. A few of us also sat in on 
evening psychoanalytic meetings on 
Baker Street, a street made famous by 
the writings of the physician Conan 
Doyle. It was a marvelous year to 
become acquainted with British medi- 
cine and young neurologists from the 
world over, some of them destined to 
become leaders in the discipline in 
their respective countries. 


BELGIUM 


Before returning to the states, three 
of us clerking at Queen Square de- 
cided to visit medical centers on the 
continent. I toured mainly with Rob- 
ert W. Graves, who had clerked with 
Charles Symonds and who was to 
become professor of neurology at 
Duke University and later at Albany. 
His particular interest was neurohis- 
tology, which was to take us to the 
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Cajal Institute, Madrid. Frances J. 
Braceland accompanied us in the ear- 
ly part of the grand tour. He had 
clerked with S. A. K. Wilson and was 
to become a professor of psychiatry at 
Mayo Clinic, Loyola University, and 
Yale, as well as the editor of the 
American Journal of Psychiatry. He 
was in charge of psychiatry in the 
Navy during World War II, having the 
eventual rank of rear admiral. He was 
mainly interested in visiting the 
famous town of Gheel, Belgium, a 
haven for people with mental illness 
since 600 AD, as the story goes. 
Graves and I tagged along to an expe- 
rience that was to compare favorably 
with others during my year abroad. 

We visited neurological installa- 
tions in Holland and Belgium, but 
devoted the most of our attention to 
the Gheel colony. I described this fas- 
cinating experience in JAMA‘ while I 
was a member of the Editorial Board. 
The population of Gheel, then about 
20000, was caring for some 3400 men- 
tal patients who boarded in their 
homes. The most unusual feature of 
this arrangement was the tenor of the 
operation, which was entirely relaxed 
and pleasant. The attitude of the 
townsfolk to their charges was uni- 
formly natural and informally con- 
structive. 

The care of the mentally ill was a 
tradition in Gheel, and they were 
regarded by the townsfolk in most 
friendly and neighborly fashion. As 
one walked about the town, it was not 
readily possible to tell the patients 
from other citizenry as they went 
about in complete freedom. I was 
reminded of Lord Byron’s observation 
that it would have made little differ- 
ence during his lifetime (early 19th 
century) if those in institutions for 
the insane were out, and those out 
were in. 

Whatever the case, the Gheel expe- 
rience, where we visited some 50 pri- 
vate homes, impressed us then as a 
near perfect arrangement for mental 
patients, to say nothing of their rela- 
tives. We thought that the Gheel 
method for the care of these patients 
compared favorably with that any- 
where, regardless of the cost or the 
form taken by their conditions. The 
compensation by the state for the 
board of these patients was a mere 
pittance. 


SPAIN 


Departing from Braceland after the 
Gheel experience, Graves and I 
repaired to Madrid to work at the 
Cajal Institute. Cajal had died within 
a year of our visit, and his associate, 


the charming Don Pio del Rio Horte- 
ga, was in charge. While at the two 
laboratories, morning at the universi- 
ty and afternoon across town, we 
strove to improve on eur silver and 
gold staining techniques to demon- 
strate the extensive networks of glial 
processes particularly. Hortega was 
delighted when we were able to stain 
the fartherest extent of these pro- 
cesses, his most frequent commentary 
being, “no completo.” We derived his 
idea that the glia were more impor- 
tant in transmission than had been 
thought. As suggested by their far- 
flung processes, they were more than 
supporting felt-work. 

While living in Madrid, we made an 
excursion to Toledo, mainly to visit 
the home of El Greco and view his 
paintings of the 12 disciples. His 
painting “The Burial of Court Orgaz”, 
in the Chapel of Santo Tomé, remains 
one of the greatest masterpieces that I 
have ever been privileged to view. It is 
worth a moment to try to describe the 
amazing effect created by this great 
artist. 

The burial of the count actually 
occurred in 1323, over two centuries 
before the artist’s birth. El Greeo 
(Domenikos Theotocopoulos), who 
trained in the Venetian School, came 
to Toledo from Crete in 1575 or 1577 
and remained there for the rest of his 
life. He represented the burial con- 
temporaneously, portraying in it most 
if not all of the local nobility and 
clergy. El Greco painted himself in 
attendance as well. 

The canvas fills one entire wall, 
resembling nothing so much as a 
enormous window in the small chapel. 
The upper half of the painting repre- 
sents the celestial assembly, :ncluding 
the count’s soul, which is being wafted 
to heaven by an angel. In the distance 
everything moves toward the figure of 
Christ, including clouds, draperies, 
and the numerous forms and figures. 
El Greco created the illusion of 
boundless space above, while below, 
the interest is centered on St Stephan 
and St Augustine, who are lowering 
the body into the earth, atterded by a 
whole bevy of background figures 
resplendent in dress as on stage. The 
armor and other vestments are cre- 
ated in the minutest detail in texture 
and color that defy description, truly 
nothing short of miraculous. 

One sits in a pew facing the paint- 
ing. When the drapery covering the 
painting is drawn, the dazzling scene 
is revealed under appropriate light- 
ing. It is an amazing experienze whose 
imprint remains thenceforth. or so it 
was with me. We found curselves 
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reluctant t leave the chapel of Santo 
Tome; the experience was not far 
removed f-om a corrective emotional 
emperience It seems lixely that the 
curtain remains drawn during church 
services. 

We resiced at a university dormito- 
ry ‘Fendacion del Amo) that afforded 
access to students, ineluding other 
Americans, and via them to theatre, 
bull fighte and jai ala:. I never got 
used te the afternoon siesta, following 
which we were due at the afternoon 
laboratery during a time of day that I 
censidered to be late. 

We experienced nothing untoward 
wmle in Spain, despite the outbreak of 
the Spanien Civil War ir the month or 
se after our departure. We had seen 
no ewiderme of disorder, and the 
Spanish sudents who regarded us 
kimdly were leathe to talk about the 
pessimlity One of them queried us 
with “Demt you have trouble in Chi- 
cago," winch we had to admit we 
dizi. 


GERMANY 


Wita Graves leaving for the United 
States, I traveled on to Germany, 
mainly to the Wenzel Hanke Kran- 
kenhaus n Breslau, which later 
inciuded the Otfrid Foerster Neurolo- 
gisches Irmstitut. After the Second 
World War, Breslau was annexed to 
Polane. Professor Otfrid Foerster, one 
of the wozld’s most famous neurolo- 
gists became neurosurgeon at the age 
of 40, wss in charge. He also enjoyed 
the support of the Rockefeller Foun- 
datiom I spent most of my days in 
Oskar Gagel’s laboratcry of neuro- 
pathology. Particularly gratifying 
were the one-on-one evenings ar- 
ranged by -he chief, who had a partic- 
ular fendreæss for Americans and the 
Unitec States. There was a steady 
influx of visitors, including Ameri- 
cans, to Foerster’sdepartment, and he 
himse ¥ had served as visiting profes- 
sor in the United States, notably at 
the Peter Bent Brigham Hospital, 
Beston, fo~ his friend Harvey Cush- 
ins. 

Foerster and I would meet in the 
evening twice or thrice weekly in a 
Berstube pub), over a concoction of 
frnit marmated in wh:te wine. We 
whiled away the pleasant hours dis- 
cussing the neurological state of 
affairs in -he Western world, includ- 
ing its history. He knew practically 
everymody im academic neurology, 
neurosurgery, and neurophysiology 
over most of the world and wanted 
frem me word of what was transpir- 
ing in the places where I had been 
recently, aamely. in Boston, New 
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Haven, and London. The Foerster hos- 
pitality included living at the large 
residence of his sister, located not far 
from the hospital. 

Foerster’s days were filled with op- 
erations, rounds, meetings, lectures, 
and the like. I attended some of 
his lectures, which presented one of 
the few opportunities I had to hone 
my German, since so many of the 
natives were intent on improving 
their English with me. When Foerster 
entered the lecture hall, members of 
the audience jumped to their feet, 
right upper limb outstretched shout- 
ing “Heil Hitler,” an incongruent 
greeting to say the least. Then, the 
professor would launch into a mar- 
veously organized discourse on a neu- 
rological topic lasting some two hours. 
My German, which I had begun in the 
second grade of elementary school, 
was just sufficient to the task. In our 
evening meetings, Foerster and I 
stayed away from political discussion; 
there was sufficient else to occupy us 
in cultural and medical fields, but I 
felt the constraint, having been quite 
outspoken with Gagel and others of 
Foerster’s staff nearer my age, with 
whom I felt completely at ease. 

It was a chastening experience to 
exchange with such a refined, intelli- 
gent, and able man in the untenable 
position that Foerster found himself 
in Nazi Germany. He seemed rather 
fragile despite his many activities. He 
died of tuberculosis in his 68th year,’ 
some five years after my visit. Having 
been Lenin’s physician for some two 
years preceding the Russian’s death in 
1924 (and whose brain he had removed 
for study by the German neuropatho- 
logists Oskar and Cecile Vogt), Foers- 
ter came under surveillance in Hitler 
Germany. One did not have relation- 
ships with the Soviet Union without 
penalty. Besides, his wife’s ancestry 
was partly Jewish. 

On my return to the United States, I 
discussed with Alan Gregg, the medi- 
cal director of the Rockefeller Foun- 
dation, my experience during the fel- 
lowship. In summary, I said that I had 
found the neurosciences quite compa- 
rable here and abroad. I considered 
the greatest benefit of the year was 
becoming acquainted with significant 
persons, young and old, with their 
thinking and work, who were already 
or were to become recognized in the 
field. Also, the pause for reflection 
was likely to keep me better in touch 
with medical affairs and intellectual 
and cultural matters. 

I returned to the University of Cin- 
cinnati, where I had graduated in 
medicine to assume an academic 


appointment. My pestgraduate train- 
ing lasted for seven fascinating years 
after the degree. It may be of interest 
that I had earned tie munificent sum 
of $8800 during this postgraduate 
period! However, tkis bit of penury I 
would not exchanze with students 
currently in medicine, many of whom 
graduate with such debt as seems 
likely to influence career choice, 
among other things. The direction 
imposed by debt on young physicians 
is dismaying, one ef these being the 
curtailment cf charity. A modicum of 
charitable practice represents highly 
constructive gratification for both 
parties, less readily achieved in other 
transactions of the profession. The 
tendency to transm.te thé profession 
into a business is a clear and present 
danger of large debt in youth, as is the 
avoidance of the less well-compen- 
sated academic career. 

Despite the negatives, I still regard 
medicine as a prefered profession. It 
is work worth doinz. Today’s profes- 
sional opporzunities and privileges 
rarely include a Wandérjahr, all roads 
no longer leading tc Rome, or to Lon- 
don for that matter. Nevertheless, 
there are always available roads to 
maturity, none more important than 
the graceful assum>tion of responsi- 
bility. 

Well over a half century ago, 
Wilfred Trotzer, tae great English 
surgeon said that an occupation for 
adults “should allcw of intellectual 
freedom, should give character as 
much chance as clev2rness, and should 
be subject te the zonic of difficulty 
and the spice of danger.” What other 
endeavor measures up to standards 
such as these? Trot=er noted that our 
work with its difficulties makes the 
task one fit for grown men and women 
in a real world. So was it then, and so 
is it now. 


References 


1. Aring CD, Denny-Brown D: A tribute to Sir 
Gordon Holmes. J Nerv Vent Dis 1966;141:497- 
504. 

2. Landau WM, Aring CD: Francis Martin 
Rouse Walshe: 1885-1973. Arch Neurol 1973; 
29:355-357. 

3. Aring CD: The delusive dichotomy. JAMA 
1976;236:1583. 

4. Aring CD: Cerebellar syndrome in an adult 
with malformaticn of the cerebellum and brain 
stem (Arnold-Chimri deformity), with a note on 
the occurrence of ‘torpedoes’ in the cerebellum. 
J Neurol Psychiatry 193%1:100-109. 

5. Aring CD: Sheel revisited. JAMA 1974; 
230:849. 

6. Aring CD: The Gheel experience. JAMA 
1974; 230:998-100L 

7. DeG-Mahoney CG: Otfried Foerster. Arch __ 
Neurol Psychiatry 1941;46:913-918. p i 

8. Trotter W: The Collected Papers of Wilfred - 
Trotter, FRS. New York, Oxford University 
Press, London and N.Y. 1949, p 194. 


Reminiscences—Aring 329 _ 


Neurological Review 


Protirelin (Thyrotropin-Releasing Hormone) in 
Amyotrophic Lateral Sclerosis 


The Role of Androgens 


Steven C. Miller, Jordan E. Warnick, PhD 


@ Protirelin (thyrotropin-releasing hor- 
mone) appears to be a neuromodulator in 
the extrahypothalamic nervous system 
and has been suggested as an adjunct in 
the treatment of amyotrophic lateral scle- 
rosis (ALS). Clinical studies have been 
divided on the efficacy of protirelin (TRH) 
despite strong experimental findings that 
are consistent with a role for the peptide 
in ALS. Recent findings provide evidence 
of a gender-related specificity in the abil- 
ity of protirelin to potentiate the mono- 
synaptic reflex. While castration in male 
neonatal rats lowered the sensitivity to 
protirelin, testosterone treatment re- 
stored that sensitivity. An examination of 
the clinical studies reveals a failure either 
to identify patients’ sex or to separate the 
results on the basis of sex. These findings 
provide convincing evidence for the 
potential efficacy of protirelin in ALS if 
the patient’s sex and underlying hormonal 
status are taken into account. 

(Arch Neurol 1989;46:330-335) 


Hach year one to two people per 

100000 worldwide are stricken 
with amyotrophic lateral sclerosis 
(ALS). This crippling and fatal dis- 
ease is manifested by degeneration of 
both the upper and lower motoneu- 
rons and leads to progressive muscle 
weakness and atrophy. Muscular atro- 
phy and atrophy of the anterior roots 
of the spinal cord are apparent at 
autopsy. The lateral corticospinal 
tracts exhibit a loss of myelin and the 
development of a dense bone-white 
appearance indicative of upper moto- 
neuron degeneration. Cranial nerve 
motor nuclei may show signs of 
degeneration, especially in patients 
with bulbar signs. The disease usually 
strikes between the ages of 50 and 70 
years, although onsets at 20 and 80 
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years of age have been reported, with 
men affected more often than women 
by a ratio of 2.5:1 to 1.5:1.' The course 
of ALS is, for the most part, relentless 
and progressive, leading to death 
within an average of four years. Sur- 
vival times of 20 years or more have 
been reported, and there are even a 
few documented cases of recovery 
from ALS. The most common causes 
of death in ALS are cardiopulmonary 
arrest and bronchopneumonia, both 
seemingly secondary to progressive 
respiratory muscle weakness. 


ETIOLOGY OF ALS 


The etiology of ALS remains 
unknown, though many hypotheses 
have been proposed. The search for a 
viral cause has not yielded anything 
of significance,’ nor has the search for 
an autoimmune phenomenon.’ Inves- 
tigations into endocrine abnormali- 
ties such as pancreatic, parathyroid, 
gonadal, thyroid, and pituitary dys- 
functions have not provided any real 
clues to the pathogenesis of ALS.‘ 
There is also little, if any, evidence to 
suggest that heavy metals (lead and 
mercury) or trace elements (alumi- 
num, selenium, cobalt, zinc, etc) are 
factors in the development of ALS.’ 
However, the possibility has been 
raised that at least one environmental 
neurotoxicant (ie, 8-methylaminopro- 
pionic acid), contained in the seed of a 
cycad food source and medicine, might 
be associated with an abnormally 
high incidence of motoneuron disease 
on Guam and Rota in the Western 
Pacific.® 

The treatment of ALS has been 
limited by the lack of an animal model 
for the disease, by the lack of knowl- 
edge as to its etiology, and by the 
degenerative nature of the disease. 
There is no satisfactory treatment for 
ALS. The mainstay in treatment 
today consists of supportive measures 
and custodial eare as the disease 
advances. The most promising recent 
development in treatment has been 
reports of clinical improvement fol- 
lowing administration of protirelin 
(thyrotropin-releasing hormone 


(TRH]) to some patients with ALS. 
The earliest report of the beneficial 
effects of protirelin’ has since been 
supported by some investigations but 
disputed by others. The results of 
various experimental and clinical tri- 
als with protirelin, and their meaning 
for the future use of protirelin and its 
analogues in the treatment of ALS, 
are dealt with in the remainder of this 
review. In particular, the potential 
role that gender and androgenic sub- 
stances may play in the responsive- 
ness of tissues to protirelin is brought 
forth from experimental studies. The 
clinical studies with protirelin are 
then examined for possible oversights 
in their design and reporting that 
may have concealed a real benefit 
from protirelin. 


EXPERIMENTAL STUDIES 


Thyrotropin-releasing hormene 
was originally identified as a trophic 
releasing factor for thyrotropin (thy- 
roid-stimulating hormene), the factor 
that activates the thyroid gland. How- 
ever, it was soon realized that there 
were many areas in the central ner- 
vous system, other than the hypothal- 
amus, that contained TRH. A network 
of TRH-positive fibers of moderate 
density and of supraspinal origin was 
discovered in the ventral spinal cords 
of rats using immunohistochemical 
techniques.’ Soon after this report, 
the effects of protirelin on the spinal 
cord were investigated. Subsequently, 
TRH receptors were localized in the 
spinal cord, and the influence of gen- 
der and androgen on protirelin 
responsiveness was explored. 


TRH as a Neuromodulator 
in the Spinal Cord 


The possibility that TRH acts as a 
neuromodulator is suggested by 
observations of (1) the presence of 
TRH at specific sites outside the 
hypothalamic nervous system, (2) the 
alteration of neuronal firing rate by 
protirelin, and (3) the ability of proti- 
relin to alter various motor activities, 
especially those in the spinal cord, 
where it has been found to be excitato- 
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airs eee. depolarized the ventral 

af L biladi spinal cords that 
ead. lees removed from frogs of 
unspecified sex.’ This depolarization 
was more variable, of longer duration 
Gt outlasted application of protirelin), 
af lower magnitude (25% to 50% ), and 
subject to more tachyphylaxis than 
were the effects seen with application 
of glutamate. Pretreatment of the 
cord with magnesium ions or tetrodo- 
toxin, both ef which block synaptic 
transmission, decreased the response 
te protirelin by 10% to 40%, indicat- 
ing that some of the depolarizing 
efect ef protirelin was indirect. Iso- 
lated ventral roots were not, however, 
affected, indicating that the response 
t» protirelin was generated in the 
soma and/or dendrites of the moto- 
muron. Intracellular recordings from 
motoneurons-confirmed the depolariz- 
img effect of protirelin. Although 
maxima. depelarization (about 6 mV) 
eecurrea after application of 1 mmol/ 
L of protirelin and was significant, it 
wsually failed to reach threshold and 
rarely led to the firing of an action 
petentiai!. Subthreshold excitatory 
pestsynaptic potentials and constant 
depolarizing currents were, however, 
driven abeve threshold by protirelin, 
illustrating the excitatory effect of 
the pretirelin-induced depolarization 
that occurred concomitant with a 
decrease in membrane resistance. 
Thus, it appeared that the depolariz- 
ing effect of protirelin was mediated 
by an increase in the conductance of 
the motoneuron to some ion. The sub- 
threshold nature of the depolarization 
in conjunction with tae slow time 
course suggested that protirelin func- 
tiened m a background manner to set 
the level of excitability of motoneu- 
rons amd thus facilitated pathways 
that subserved basic motor reflex 
activity.” Studies of protirelin action 
on the spinal cord of neonatal rats 
support a direct effect of this peptide 
on a-metoneurons.'' In the latter 
study, protirelin also induced a depo- 
larization of the a-motoneuron, but 
one that was interpreted as being 
caused by a decrease in conductance 
(delayed) of the K* channel and possi- 
bly te a decrease in ealcium-depen- 
dent K* conductance. 

Further support for the role of pro- 
timelin m facilitation of basic motor 
reflexes was provided by studies on 
segmental refiexes in rats. Infusion 
of protirelin and DN-1417 (a protire- 
lin analegue) led to augmentation of 
menosynaptic and disynaptic ventral 
roet reflexes in anesthetized male rats 
whose spinal cords had been tran- 
seeted, without affecting the dorsal 
rot reflexes. The onset of action was 
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seen within one minute, and the effect 
lasted ten to 35 minutes for protirelin 
and ten to 45 minutes for DN-1417. 
The augmentation was unaffected by 
previous treatment with chlorproma- 
zine, haloperidol, atropine, or cypro- 
heptadine. Thus, the effect of protire- 
lin and DN-1417 was apparently not 
due to release of serotonin, acetylcho- 
line (muscarinic effects), or catechol- 
amines. Protirelin and DN-1417 had 
no effect on the resting dorsal root 
potential in adult rats (in vivo) but did 
have a depolarizing effect on resting 
ventral root potential,'’? supporting 
the idea that these peptides act post- 
synaptically on the motoneuron soma 
or its dendrites and not presynaptical- 
ly. In the isolated spinal cord prepara- 
tion of neonatal rats, protirelin specif- 
ically potentiated the monosynaptic 
reflex without affecting the dorsal 
root reflex, strychnine- or bicuculline- 
sensitive inhibition, or the ventral 
root potential.'!*° In addition, block- 
ade of a-adrenergic and serotonergic 
receptors did not influence the poten- 
tiation afforded by nanomolar quanti- 
ties of protirelin.'*'* The infusion of 
protirelin into cats, of wnspecified sex, 
led to increased muscle tone, tremor, 
shivering, and increased spontaneous 
motoneuron action potentials com- 
pared with cats infused with saline, 
thyrotropin, or triiodothyronine." 
These effects were seen within 10 s 
and lasted for up to 30 minutes, but 
marked tolerance to protirelin was 
observed after four or more injections 
at 30-minute intervals. 

Whether protirelin acted at central 
or peripheral sites was addressed in 
studies that examined the ability of 
protirelin to enhance muscle contrac- 
tion in tissue culture.” In monolayer 
cultures of human muscles cocultured 
for seven to 14 days with rat fetal 
spinal cords (sex unspecified) with 
dorsal ganglia attached, muscle fibers 
close to ventral areas of cords began 
to contract.” These contractions were 
blocked by D-tubocurarine. Protirelin 
(1 to 2.7 mmol/L) increased the num- 
ber of contractions a mean of 4.9 times 
control values. The largest effect of 
protirelin was seen on muscles with 
the lowest baseline contraction values 
and with muscle that had stopped 
contracting altogether. Concentra- 
tions less than 1 mmol/L had no effect 
on muscle contractions, whereas those 
greater than 5 mmol/L led to a few 
seconds of enhanced contractions fol- 
lowed by complete inhibition that 
wore off within one hour, an effect 
that was attributed to either refracto- 
riness or a desensitization phenome- 
non. Protirelin did not enhance mus- 
cle contractions either in muscle pre- 











treated with p-tubocurarine or in- 
aneurally cultured muscle." In the rat 
phrenic-diaphragm preparation, pro S 
tirelin was ineffective in oe oe 
1 mmol/L." Thus, the effects of pro- 
tirelin seem to be mediated via the | 
motoneuron as opposed to a ca 
action on muscle itself. $ 


A Role for Androgens? 


The majority of studies have not 
specified the gender of the experimen- 
tal animals used, and none has consid- 
ered the role of gender in the response _ 
of motoneurons to protirelin. In light — 
of previous literature on the role o a 
androgens in neuronal function,22! 
the influence of gender and androgen. 
status on tke response to protirelin 
was specifically examined in the spi- 
nal cord.'* As we shall elaborate, this - 
issue of a diferential gender response 
of protirelin directly pertains to the 





















interpretation of clinical trials in 
ALS. 5 
In a recent series of experiments in 
rat spinal cord,'*” a possible mecha- 
nism was suggested for the gender- | - 
related difference in protirelin re- — 
sponsiveness alluded to earlier in — 
humans.’ The magnitude of the — 
monosynapti: reflexes in spinal cords — 
from male. neonatal rats was- 
increased nearly 50% by protirelin (1 
umol/L), while the female rats’ cords — 
exhibited only a minimal response ~ 
(11% increase at 1 wmol/L). Surgical — A 
castration of neonates reduced the 
responsiveness of the cords to the 
values seen in normal females when 
tested seven to nine days later. How- _ 
ever, two injections of testosterone on 
the days immediately following cas- — 
tration sustained the high rosponsiy 
ness of these animals to protirelin. — 
The cords of newborn female pups — 
that underwent surgical oophorecto- 
my (whether or not they were treated — 
daily with testosterone) were found to — 
respond to protirelin in a fashion very _ 
similar to that of intact males. These — 
results suggested that exposure to tes- — 
tosterone early in life is a necessary — 
cofactor in defining the qualitative, if — 
not quantitative, responsiveness of | 
the motoneuron to protirelin. Thus, it — 
is possible that testosterone in some | 
way affects the development and/or © 
functioning of sites in the spinal cord | 
that are responsive to protirelin. The — 
underlying harmonal state of an indi- © 
vidual (eg, testosterone) could influ- 
ence the responsiveness to protirelin. — 


Neurotrophic Actions of TRH 


Protirelin appears to have long- — 
term effects on motoneuron metabo- — 
lism and maturation in addition to the - 
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short-term neuromodulatory effects 
previously discussed. In tissue culture 
of ventral portions of spinal cords 
"prepared from rat embryo (of wnspe- 
_ cified sex) and treated with protirelin 
(0.1 mmol/L) for two to five weeks, 
_ healthy-appearing neurons were more 
numerous than in untreated ventral 
_cords, while dorsal cords were unaf- 
fected by protirelin treatment.” Cho- 
line acetyltransferase levels in the 
ventral protirelin-treated cords were 
increased 16 times over the levels in 
the untreated ventral cords; the 
largest increases were found in cul- 
tures treated the longest. The increase 
in choline acetyltransferase in the 
ventral cord treated with protirelin 
persisted even one week after protire- 
lin withdrawal. In the dorsal portion 
_of the spinal cord, however, protirelin 
treatment did not increase choline 
-acetyltransferase levels above those 
of untreated dorsal cords. Prolonged 
_ exposure to protirelin is apparently 
important, since short-term (30 to 60 


















minutes) exposure of ventral spinal 
cord segments to protirelin did not 
alter choline acetyltransferase con- 
tent. The levels of acetylcholinester- 
ase were only slightly increased in the 
ventral protirelin-treated cords over 
levels in untreated ventral cords. 
_ These findings support the conclusion 
that TRH has a long-term trophic 
effect on the metabolic machinery of 
the ventral cord neurons (most likely 
_ motoneurons, which are a major site 
for choline acetyltransferase). 









| Autoradiographic Localization 
( of TRH Receptors 
The vast amount of electrophysio- 
logic data indicating protirelin’s 
-motoneuron-enhancing properties has 
also been supported by autoradio- 
graphic studies. These studies have 
_demonstrated the existence of TRH 
receptors in the human spinal cord. 
Discrete areas of TRH binding were 
_ found in the spinal cords of three men 
and one woman who died of causes 
other than neurologic, psychiatric, or 
endocrinologic disorders.* High levels 
of TRH binding were found in the 
substantia gelatinosa, a major senso- 
ry relay station within the spinal 
cord, while moderate levels of binding 
were found in lamina IX, which con- 
tains the motoneurons of the ventral 
horn. It is thus likely that the depolar- 
_ izing effects of protirelin on motoneu- 
rons are at least partly mediated by a 
direct action of protirelin on specific 
“receptors” located on motoneurons. 
This finding of TRH binding in the 
motoneuron region of normal spinal 
cords of humans prompted the inves- 
_ tigation of TRH binding in the spinal 
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Table 1.—Summary of Subject Characteristics in Clinical Studies With Protirelin 


Study N M/F Dosage Route * Duration 
Engel et al” 5 ? 200 mg/d IV 14-16 d 
9 7/2 0.5-0.8 mg/ min IV Bolus 
(total, 500 mg) 
Caroscio et al? 12 ? 500 mg IV Bolus 
150 mg SC Bolus 
Mitsumoto et al?! 16 9/7 0.5-10 mg/mo (total, IV Bolus 
500 mg) 
25 12/13 25 mg/d SC 3 mo 
Brooke et al8? 30 20/10 150 mg/d IM 2 mo 
Brooks et al43 14 12/2 10 mg/kg/2h, 3 IV 10 wk 
times / wk 
Munsat et al? 5 ? 500 ug IT Bolus 
13 ? 50 ug/h IT 2-64 
Stober et al*4 € 1/5 = 1-2.5 mg/wk for 8 IT 2-6 mo (up 
wk, then every 2 to 16 
wk in-ections) 
Imoto et al83 7 3/4 4 mg/d IM 2 wk 
Saida et al^ € ? 4 mg/d IM 3 mo 
Engel et al®° 41 ? 125-150 mg/d (75 SC Bolus 
mg twice/d) 
Gracco et al?8 16 ? 10 mg/kg 
Sufit et al?9 16 16/0 10 mg/kg 


























"IV indicates intravenous; SC, subcutaneous; IM, intramuscular; and IT, intrathecal. 


cords of ALS victims. In a small retro- 
spective study on spinal cords of three 
men and one woman who died of ALS, 
a marked decrease in TRH receptor 
density was found in the substantia 
gelatinosa, the ventral gray, and lam- 
ina IX (the motoneuron area) com- 
pared with normal levels.* The 
decrease in receptor density was con- 
sistent throughout all levels of the 
spinal cord. The results of a similar 
study of five ALS victims (of wnspeci- 
fied sex) and five age- and sex- 
matched controls that used a radioim- 
munoassay technique rather than 
receptor densities indicated that TRH 
levels were decreased 75% in the spi- 
nal cords of ALS victims, but only in 
the ventral horn of the cervical cord.” 
However, ALS victims usually mani- 
fest symptoms in both upper and low- 
er extremities. If TRH is indeed 
involved in the pathogenesis of ALS, 
then the loss of functional TRH recep- 
tors (which appears to occur through- 
out the whole spinal cord) may be 
more important than actual loss of 
TRH-secreting neurons. The loss of 
motoneurons in spinal cords of 
patients with ALS could account for 
the loss of TRH receptors, as has been 
shown for muscarinic cholinergic 
receptors.” 


CLINICAL INVESTIGATIONS 


With ample data supporting the 
trophic and enhancing properties of 
protirelin on motoneurons and the 
lack of any efficacious treatment for 
ALS, several clinical experiments 
have been performed in an attempt to 


evaluate the potential value, if any, of 
protirelin in the treatment of ALS. 
The available clinical studies are sum- 
marized in Table 1 with respect to the 
number of subjects, sex, dose, route, 
and duration of treatment, in Table 2 
with respect to the neurologic tests 
employed, and in Table 3 with respect 
to data analysis and conclusions 
reached in each study. From these 
clinical data, it is obvious that differ- 
ent conclusions have been drawn as to 
the efficacy of protirelin in treating 
ALS. The reason for the dissimilar 
conclusions is not immediately clear 
because of the high number of vari- 
ables. 


Dose and Route of Administration 


Both the amount of  protirelin 
injected and the route through which 
protirelin was used in these studies 
varied significantly (Table 1). In 
Engel and associates’ initial study,’ no 
clinical improvement was found with 
protirelin at a dosage of 200 mg/d 
given intravenously for 14 to 16 days, 
but when a total dose ef 500 mg was 
given as an intravenous bolus there 
was definitive improvement in the 
clinical state of the patient. In three 
other studies, an intravenous infusion 
of at least 600 mg (total dose at 10 
mg/kg) led to significant clinical 
improvement.” On the contrary, no 
clinical improvement was found in 
two studies that both used up to 500 
mg of protirelin given intravenously. 
It is difficult to assign any signifi- 
cance to the dose of protirelin used in 
the intravenous studies because of the 
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Stucay Neurologic Tests 
Eng! ata” Vital capacity, speech, spasticity, Babinski’s response 


Bulbar scores, spinal scores (ability to overcome resistance), tone, voice 
recordings, vital capacity, grip scores, dynamometer scores 


Vitel capacity, repeating syllables, swallowing, timed walking, grip 
strength, normal muscle strength, reflexes, EMG, isometric and 
isokinetic muscle strength 
Muscles evaluated for strength, timed functional tests and EMG; 
improvement ratios used = (No. of muscles showing 
improvement — No. of muscles worsening) /total No. of muscles 


Jaw muscle tests, upper-extremity muscle strength, functional tests (rise 

time from chair and walking), exercise capacity, pulmonary function 

Pulmonary and oropharyngeal function timed motor activities and 
isometric strength ` 

ALS score, atrophy, degree of paralysis 

Bulber functions, upper-extremity function (grasp, tests of mobility), 
lower-extremity timed tasks 

ALS score, muscle strength, functional abilities of fingers, vital capacity, 
welking, climbing stairs, drinking, speech 

Spasticity, weakness, stamina 

Computerized dynametric measures of bulbar and somatic muscle 

strength (calibrated linear force transducers), upper-lip depression, 

lower-lip elevation, jaw closure, tongue elevation, thumb flexion, wrist 

extension and flexion 

Timed 30-ft walk, vital capacity, bicycle ergometry, grip strength, 

newromuscular evaluation grading system 





E, 








Table 2 —Neurologic Tests Used in Clinical Studies With Protirelin 


























* EMG ndicates electromyogram, ALS, amyotrophic lateral sclerosis. 


lack of anifermity in determining the 
actual dose used (ie, total dose vs 
millgreme per kilogram). These 
studies de, however, suggest that an 
intravenous dose of at least 10 mg/kg 
of protarelim (tetal of =500 mg) is 
requiree to provide clinical benefit. 
Several imvestigators have exam- 
ined tne 2otential for clinical 
improvement resulting from intra- 
museular mjection of protirelin. The 
dosages used in these stucies ranged 
from a sigh of 150 mg/d” down to 4 
mg/d" Wome of these studies re- 
ported a clinical benefit from the 
intramuscula~ injection of protirelin. 
It therefore seems possible that this 
reuteis not at effective as the intrave- 
nous route and that the doses used in 
such studies were too low, in compari- 
son with am iatravenous bolus of 500 
mg, te have aay therapeutic effect. 
The subcuteneous route of protire- 
lin administzation has also been 
exammec. At 25 mg/d given for three 
months, there was no clinical bene- 
fit Although acute improvement in 
peak sometre tension of selected 
muscle groupe has been reported one 
hour atter the-subcutaneous injection 
of 150umg of protirelin (as a bolus), no 
sustaimed overall functional improve- 
ment was evdent.” On the other 
hand, anether study using a single 
subcutaneous bolus of 125 to 150 mg/d 
or 75 mg twice daily of protirelin led 
to defimite clinzal improvement in all 
41 patients stuclied.* Thus, protirelin 
may be eimeclly effective in some 
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patients when given subcutaneously 
at doses of 125 mg or greater. 

Use of the intrathecal route of 
administration, which ostensibly pro- 
vides a more direct application of the 
drug to its site of action and lessens 
side effects, has also provided varying 
results. In one study, a bolus of 500 ug 
led to clinical improvement in three of 
five patients. Three patients given a 
250- to 450-ug bolus of protirelin did 
not show improvement, while one of 
two patients given 750 ug exhibited a 
worsening of their condition.*° The 
latter study also found that an intra- 
thecal infusion of 50 ug/h over two to 
six hours led to improvement in ten of 
13 patients. This seemed to be the 
optimal dose since lower infusion 
rates (3.6 to 18 uwg/h; n = 3) were 
ineffective and higher infusion rates 
(100 to 250 uwg/h over two to six hours) 
worsened symptoms in three of five 
patients (symptoms in the remaining 
two patients were unchanged). A pilot 
study (in three patients) initiated by 
the latter group has revealed that the 
disease process could be slowed by 
long-term intrathecal infusion of pro- 
tirelin at 3 mg/24 h (ie, 125 ug/h) for 
12 months. In spite of these reports, 
another intrathecal study* provided 
less favorable results. Six patients 
with ALS were given intrathecal 
injections of protirelin (1 to 2.5 mg) 
for two to six months (weekly for 
eight weeks and then biweekly). The 
progressive nature of the disease was 
not altered by the treatment. It would 
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therefore appear that the dose in the — 
latter study may have been too high to _ 
have any beneficial effect, especially — 
in view of the comments in the initial _ 
intrathecal study taat higher intra- 
thecal doses of prot=relin were in fact _ 
detrimental to the patient.” oe 
Parenteral admiristration of pro- 
tirelin has therefore been less than — 
satisfactory in the treatment of ALS, _ 
especially when given via peripheral 
routes. In general, the highest blood 
levels are attainable via the intrave- | 
nous route, which bypasses epidermal — 
and tissue membranes (eg, muscle), — 
followed by the incramuscular and — 
subcutaneous routes. Absorption from 
the latter sites is slcwer because one — 
must contend with diffusion across — 
various membranes, eapillary density, 
and vascular perfusion at the site of 
injection. In addition, various physi- 
cal properties of the drug and its 
vehicle, such as volime, concentra- 
tion, pH, and aqueous or lipid solubil- 
ity, need to be considered. Once the 
drug is in the circulation, other fac- 
tors such as protein binding and deg- _ 
radation by hydrolytic enzymes influ- _ 
ence drug levels and therefore pene- 
tration to the site of action. One can | 
speculate, in fact, that metabolism via 
serum peptidases (eg, thyroliberi- — 
nase) may play a major role in deter- 
mining effective blooc levels for pro- 
tirelin after parenteral (intravenous, 
subcutaneous, intramuscular) admin- 
istration™” and a lesser role following __ 
the intrathecal route, which allows 
more direct access of the drug to its 
putative site of action. These reasons, 
together with the difficulty with — 
which hydrophilic drugs pass the — 
blood-brain barrier, would by them- 
selves probably explair the poor pene- 
tration of protirelin into the central 
nervous system, and then only when ~~ 
given in very large doses.*!*° 7 





Duration of Protirelinm Treatment =a 


No definitive pattern emerges when | 
one examines the effect of duration of 
treatment (Table 2). Positive clinical — 
effects have been noted within 30 s 
and lasting up to 20 hours after an 
intravenous bolus of 500 mg of proti- 
relin, and improvements in at least 
one bulbar or somatic muscle group 
have been measured tvo hours after 
10 mg/kg of protirelim in 13 of 16 — 
patients with ALS.” S:abilization of 
function or even some mprovements 
with protirelin have also been re- 
ported with long-term intravenous 
protirelin therapy.”* Results of | 
short- and long-term intrathecal 
administration of protirelin are con- 
flicting: one study® reperted positive 
short- and long-term aetions of pro- 


Protirelin in ALS—Miller & Warnick 333 





ee S. 


Sa > na oT 
7 rt r 3 





. 





Trial Type 
OT, NP 


Study 
Engel et al” 





Caroscio et al80 





Mitsumoto et al?! 





Brooke et al? PC, DB 
Brooks et al*® PC, R 
Munsat et al? OT 


Stober et al*4 


Imoto et al?3 
Saida et al® 
Engel et al®® 


Gracco et al?8 PC 


Sufit et al?’ PC 


Table 3.—Results of Clinical Studies With Protirelin* 


Data Analysis 
None 
Separate 


No change 








Pooled 
Pooled 





Pooled 
Pooled 
Pooled 





Pooled 
Pooled 


and spasticity, increased stamina) within 1-1.5 min and 
lasting up to 1-12 d 

Improvement in at least 1 somatic or bulbar muscle group in 
13/16 





Pooled 


Pooled 
function) 


Improved strength for men; no improvement for women; evident 
in 30 s and lasting up to 20 h 


Slight increase in muscle power; no clinical improverrent; 
subjective improvement in 11/12; increased dynamometer 
scores 1 h after protirelin 


Subjective, not objective, improvement; increased muscle 
stretch reflexes 


Course of disease continued 


Some improvement in some muscle groups, but no real clinical 
improvement 


Stabilization of function in protirelin-treated patients (20) 
Improvement in at least 1 quantitative test in ¢/5 
Improvement in 10/13 


No clinical effect (male patient did maintain his ALS score); 
deterioration continued 


No statistically significant beneficial effect 
No clinical effect 
All showed some clinical improvement (decreesed weakness 


improvement in 9/16 (1 or more tests of neuromuscular 





Conclusion 





























* OT indicates open trial; NP, no placebo; PC, placebo controlled; DB, double blind; X, crossover; R, randomized; and ALS, amyotrophic lateral sclerosis. 


tirelin, while another study“ failed to 


show any long-term improvement. 


Other reports failed to reveal any real 
clinical improvement at one to eight 
hours” or even one week” after simi- 
lar injections. 


Neurologic Tests 


The tests of neurologic function 
that were employed in the clinical 
studies were not uniform, but they did 
not vary greatly (Table 2). Most inves- 
tigators used measures such as vital 
capacity, timed functional tests (eg, 
walking and rising from a chair), 
some assessment of speaking ability, 
and upper- and lower-extremity 
strength measurements. There are no 


= striking differences among the tech- 


niques used that reached positive con- 
clusions with protirelin and those that 
reached negative conclusions. The ini- 
tial clinical study of protirelin,’ which 
showed positive improvement, con- 
centrated on simple measurements of 
vital capacity, speech spasticity, and 
Babinski’s response without resorting 
to complex quantitative measures of 
muscle strength. At the opposite end 
of the testing spectrum, computerized 
dynametric measurements of muscle 
strength have been employed and 
have also provided definite measures 
of improvement with protirelin.” A 
varied battery of tests aimed at 
assessing a broad range of muscle 
capacity has also been used in 
reaching the conclusion that protire- 
lin stabilized function in patients. 
Similar tests were used by other 
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investigators,***** who subsequently 
reported that protirelin provided no 
clinical improvement in patients with 
ALS. Overall, then, there is no clear 
difference between the techniques 
used in studies that reported positive 
results with protirelin and those in 
which no improvement was noted. 
One cannot, therefore, explain the dif- 
ferent conclusions reached with pro- 
tirelin on the basis of the type of 
neurologic testing employed. 


Sex and Protirelin Responsiveness 


One factor that clinical investiga- 
tors have apparently not taken into 
account is that of the sex of their 
patients (Tables 1 and 3). Investiga- 
tors as a rule have studied and ana- 
lyzed pooled data from both male and 
female patients. In their initial study, 
Engel et al’ reported that female 
patients given protirelin did not bene- 
fit as much as male patients did. Since 
then, no investigator has analyzed the 
data from male and female patients 
separately. Several studies do not 
even mention the sex distribution of 
their patients.*°°**** It is significant 
that studies with a large predomi- 
nance of male subjects’ have 
reached positive conclusions concern- 
ing protirelin, although one study” 
with a male-female ratio of 2:1 found 
no overall benefit when the data were 
pooled. If only male patients are 
deriving a clinical benefit from pro- 
tirelin, then pooling the subjects with- 
out regard to sex will certainly 
obscure the beneficial action of pro- 


tirelin. Furthermore. studies with a 
female preponderance“ or an equal or 
nearly equal number of male and 
female patients” might be expected to 
reach negative conclusiors regarding 
protirelin. Therefore, it is important 
for investigators not only to specify 
the sex distribution of their patients 
but to analyze and report the results 
for male and female patients sepa- 
rately so as not to miss a clinical 
benefit in one group. 


CONCLUSIONS 


The tragedy of ALS entails not only 
its progressive end. devastating 
effects on its victims, but also the 
inability of medical science to offer 
patients any real treatment possibili- 
ties. The lack of effieacious treatment 
has, in part, been due to the lack of an 
animal model for ALS. The failure to 
isolate an etiologic agent or factor has 
certainly contributed to the lack of 
treatments for ALS. The discovery 
over the past decade that TRH exhib- 
its motoneuron trophic and enhancing 
properties, and that motoneuron 
areas in the human spinal cord con- 
tain receptors for protirelin, has 
offered the most premise in the treat- 
ment of ALS. Although the experi- 
mental evidence has been fairly con- 
sistent with respect to the effects of 
protirelin on motoneurons, the clini- 
cal trials have been far less conclusive 
and far more controversial. The dis- 
crepancies in the current clinical data 
and in the conclusions reached could 
be related to differences in subject 
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| 
selection (degree of disease), differ- 
ences in coses and method of adminis- 
tratien (iatravenous vs intramuscular 
vs subewtaneous vs intrathecal), or to 
differences in techniques for muscle 
fanctiem assessments. Recent evi- 
cence has also-suggested that protire- 
lm may not in fact act on receptors 
per se, but rather via specific K chan- 
nels ən a& motoneurons" unrelated to 
the rectifier K channel. That the 


f 


spinal sif of action af protirelin is 
probaébiy not a pituitary-type TRH 
receptor ar perhaps may even be unre- 
lated te the class of TRH receptors in 
the soma cord identified by autora- 
diographie and drug birding studies is 
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supported by studies on protirelin 
analogues. Both MK-771 and 3MeHis- 
TRH, which one would expect to be 
more effective than protirelin in 
potentiating the monosynaptic reflex, 
were shown to be no more active than 
protirelin itself in the isolated spinal 
cord of neonatal rats.* Thus, the con- 
cept of protirelin acting solely 
through a pituitary-type TRH recep- 
tor needs to be reconsidered. The 
recent discovery that the response to 
protirelin may be influenced by gen- 
der offers a rational explanation for 
the inconsistent clinical data. Future 
studies should therefore analyze male 
and female subjects separately in 
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assessing the effieacy of protirelin- 3 
treatment of ALS. Although ALS vic- 
tims as a whole do not appear to have | 
decreased testosterone levels,’ it may E 
be that only the male patients with 
optimal levals of testosterone are 
capable of responding to protirelin. — 
Thus, protirelin dozs not seem to bea 
cure for ALS, but it certainly may — 
have beneficial 2ffects for male 
patients with ALS. 
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(with letter from Department Head); All Operating Room P=2rsonne! 
(RN/CST/PA/Other) $250.00. Make check to “Palm Beach Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fot Worth, 
Texes 76111. 

Phone: 800-433-7639 or 817-831-2604. 


Sailing. # *Join the more than 7,100 enrollees who have completed Midas Rex Hands- 


PARTICIPANT SPORTS—Golf, tennis, swim- 

ming, sailing, racquetball. 
SIGHTSEEING—Lion Country Safari, White- . % 
hall (Henry Flagler mansion), Hibel Museum 4, © 
of Art, Science Museum, Morikami Museum, : 
Norton Art Gallery, Society of the Four Arts. 


Oe 


On Workshops. (3,650 Orthopaedic 
Surgeons; 1.450 Neurosurgeons; 2,050 _ gus 


OR Personnel) 
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NATIONAL STROKE 
ASSOCIATION 


Announces 
FELLOWSHIP AWARDS 


Allied-Signal/National Stroke Association 
Fellowships are being offered to young inves- 
tigators interested in making a career of re- 
search into the causes, mechanisms and treat- 
ment of stroke. 


$30,000/year stipends are available for one to 
three years. Applicants must have a doctoral 
degree and be affiliated with an institution in 
the United States. Application and support- 
ing materials due by June 1, 1989. 


For information or application write: 


Carolyn Burkhardt, M.D. 
Research Program Coordinator 
National Stroke Association 
300 E. Hampden Ave, #240 
Englewood, CO 80110 


/ANilied 
Signal 


National Stroke Association 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will youtell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us 


AMERICAN Professional Education Dept. GoQyARyP American 18 
CANCER National Headquarter CCH College ot § 
SOCIETY) 20 rare WENU a Radiology 
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Deep Cerebral Venous Thrombosis 


Clinical, Neuroradiological, and Neuropsychological Correlates 


E. Clarke Haley, Jr, MD; H. Robert Brashear, MD; Jeffrey T. Barth, PhD; Wayne S. Cail, MD; Neal F. Kassell, MD 


® Thrombosis of the deep cerebral 
venous system is usually fatal, and 
patients are ‘frequently stuporous or 
comatose at presentation. This report 
describes serial radiological and neuro- 
psychological observations in an 18-year- 
old woman whe remained alert and sur- 
viwed thes disorder. In association with 
diencephalic edema seen on computed 
tomographic scan, she demonstrated dis- 
onmentatien, abulia, attentional deficits, 
memory toss, and dyscalculia and had 
impaired IQ scores: the performance 
scores were worse than the verbal 
scores. Significant aphasia or sensory 
loss wasabsent. She recovered full intel- 
leetua!l capacity in the course of follow-up 
examinations, and the diencephalic ede- 
me seem on the computed tomographic 
scan resolved despite persistent throm- 
basis of the straight sinus demonstrable 
om follow-up digital angiography. 

(Arch Meurol 1989;46:337-340) 


T hrombesis of the deep cerebral 

venous system, either with or 
wihout dural venous sinus thrombo- 
sis, is fortunately uncommon and usu- 
ally conmetes a poor prognosis.' This 
report describes the clinical and 
radiological features of the case of a 
young woman who survived this disor- 
der. and who underwent serial 
detailed neuropsychological testing 
during the course of her illness. Neu- 
rolegica. and behavioral correlates 
with the eemputed tomographic (CT) 
amc. angwegraphic findings were there- 
fore possible. 


REPORT OF A CASE 


An 1®sear-ald, right-handed female 
nursing student taking oral contraceptives 
had a two-year history of periodic head- 
ache, usually relieved by acetaminophen. 
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Two days before hospital admission, she 
developed the “most severe headache” of 
her life, described as pulsatile, and located 
in the left frontotemporal region. Nausea 
and vomiting, visual blurring, and confu- 
sion developed. 

Physical examination on admission to 
the University of Virginia Hospital, Char- 
lottesville, disclosed her to be alert and 
intermittently disoriented as to place and 
year. Her affect was flat, and verbal 
responses to questions were delayed, 
although grammatically correct and flu- 
ent. Comprehension of simple verbal com- 
mands was preserved. She was unable to 
recall certain events surrounding her 
admission and confabulated details. She 
could not add a penny, nickel, dime, and 
quarter, and recalled none of three test 
objects after five minutes. Reading and 
writing simple sentences was preserved. 
The visual fields were full to confrontation 
and by Goldmann perimetry. There was no 
papilledema. Mild up-beating nystagmus 
was noted in upgaze. Findings from the 
remainder of the cranial nerves, motor, 





Fig 1.—Unenhanced computed tomographic 
scan taken at admission. Vein of Galen and 
straight sinus (arrow) are abnormally dense 
due to acute thrombosis. 


Fig 2.—Left carotid arteriogram. Superior sagittal sinus (white arrowheads) and right transverse 
sinus (large open arrow) are opacified. Thalamostriate vein is partially visualized (small open 
arrow), but internal cerebral vein, vein of Galen, and straight sinus do not fill. 
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Fig 3.—Unenhanced computed tomographic 
scan taken on day 5. Low density in thalami 
(small arrows) represents edema. High densi- 
ty in region of left interventricular foramen 
(white arrow) may represent thrombus in tha- 
lamostriate vein as it joins internal cerebral 
vein. 





Fig 4.—Unenhanced computed tomographic 
scan taken three weeks after admission. Ede- 
ma in thalami has resolved. There are no signs 
of infarction. 


sensory, and cerebellar examinations were 
normal. No pathological reflexes were elic- 
ited. Findings from complete blood cell and 
platelet counts, sedimentation rate, and 
metabolic screens were also normal. The 
prothrombin time was 13.2 s, with a con- 
trol of 11.2 s, and the partial thromboplas- 
tin time was 32.6 s (reference range, 24 to 
38 s). The thrombin time was normal and 
no fibrin degradation products were 
detected. The fibrinogen level was low at 
1.2 g/L (reference range, 1.5 to 4.0 g/L), but 
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Test (Day 7) 









WAIS-Rt 


Verbal IQ 76 
Performance IQ 68 
Full-scale IQ 72 


Halstead-Reitan Neuropsychological Test Battery 
and allied procedures 


Category Test 78 
Speech Sounds 

Perception 05 
Seashore Rhythm 28 
Trail Making 

Part A 


Time 
Error 
Part B 

Time 
Error 





Tapping Test 
Dominant, R 38 
Nondominant 41 
Grooved pegboard test 
Dominant, R 
Time 96 
No. of pegs dropped 0 
Nondominant 
Time 122 
No. of pegs dropped 1 
Wechsler Memory Scale 
Information 4 
Orientation 2 
Mental control 6 
Stories 6 
Stories delay 2 
Stories recall, % 33 
Total digits 9 
Visual reproductions 10 
Visual delay 2 
Visual recall, % 20 
Associate learning 
Total easy 8 
Total hard 1 
Total score 5 
Memory Quotient 65 





Test Results 


TT, 
First Testing 

















Normal 
Values /Cutoffs * 





Second Testing 
(3% mo) 












95 100 + 15 
94 100 + 15 
94 100 + 15 
24 <51 
01 <8 
30 >26 































48 >45 
40 >40 
60 <75 
0 = 
68 <85 
0 <1 
a >5 
6 >4 
8 >7 
13 >8 
8 >6 
62 >70 
13 >10 
13 >8 
13 >6 
100 >70 
12 >12 
6 >8 
12 >14 
108 100 + 15 





*Values given with plus-minus sign are means + 1 SD. 
TWAIS-R indicates Wechsler Adult Intelligence Scale-Revised. 


follow-up testing obtained three months 
later showed normal values. Antithrombin 
III and protein C levels were normal. 

An unenhanced CT scan (Fig 1) disclosed 
a region of increased density consistent 
with clotted blood in the region of the 
straight sinus. Bilateral carotid and verte- 
bral angiography (Fig 2) showed normal 
opacification of the superior sagittal sinus 
and right transverse sinus. Subependymal 
veins of the lateral ventricles, the thalam- 
ostriate veins, and the basal veins filled 
but retained contrast for a prolonged peri- 
od while the internal cerebral veins, vein of 


Galen, and straight sinus were not 
opacified. 
Treatment with intravenous fluids; 


dexamethasone sodium phosphate, 40 mg/ 
d; and aspirin, 325 mg/d, was begun. On 


hospital day 5, a follow-up CT sean (Fig 3) 
showed bilateral, symmetrical low density 
involving the thalami and, to a minor 
degree, the left posterior temporal lobe. 
Abnormalities on mental status examina- 
tion persisted unchanged until approxi- 
mately day 10, when the patient was noted 
to be less abulic and more insightful. She 
was discharged from the hospital on day 
13. A follow-up CT scan obtained three 
weeks later (Fig 4) showed resolution of 
the diencephalic edema. Her mental status 
progressively improved on serial follow-up 
examinations. An intravenous digital sub- 
traction angiogram obtained two months 
after the onset of the illness disclosed 
recanalization of the left transverse sinus 
but persistent nonfilling of the vein of 
Galen and straight sinus. 
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NEUROPSYCHOLOGICAL STUDIES 


Detailed neuropsychological testing was 
performed on hospital day 7 and again 
three months after discharge (Table 1). A 
battery of tests was administered, includ- 
ing the Wechsler Adult Intelligence Scale- 
Revised, academic achievement tests (giv- 
en at first testing only), the Halstead- 
Reitan Neuropsychelogical Test Battery, 
the Wechsler Memory Scale, and the Rey 
Auditory Verbal Learning Task. Initially, 
on the Wechsler Adalt Intelligence Scale- 
Revised, both the Verbal and Performance 
IQ scores were depressed, but the perfor- 
mance IQ score showed more severe 
impairment. Severe deficits in immediate 
and short-term recall, as well as in compu- 
tational skills, were demonstrated. Addi- 
tionally, deficits in attention and concen- 
tration, new problem solving, abstract 
reasoning, and concept formation were 
prominent. 

On the follow-up examination, she dem- 
onstrated marked improvement in virtual- 
ly all areas. There was particularly sub- 
stantial improvement in visuospatial prob- 
lem-solving abilities as evidenced by the 
Performance IQ score. Memory function 
returned virtually to normal, although 
shert-term verbal reeall remained slightly 
impaired. 

COMMENT 


Although the outcome in patients 
with thrombosis of the deep cerebral 
veims is reported to be poor, most 
reperted cases have been autopsy 
studies, and the true incidence is not 
really known.” Survivors have been 
reported, but details of the clinical 
and neuropsychological sequelae have 
been scant.'‘° The present report 
deseribes a reversible syndrome of 
diencephalic dysfunction associated 
with this disorder. The absence of 
stupor or coma, as is frequently seen 
in arterial syndromes with bilateral 
thalamic involvement,’ made detailed 
neuropsychological testing possible. 

The predominant clinical features 
in this patient, aside from the head- 
ache, were diserientation, abulia, 
short-term memory loss with confab- 
ulation, and multifocal, bilateral 
abnermalities in higher cognitive 
functioning compatible with acute 
dementia.’ These clinical findings 
were correlated temporally with the 
presence of bilateral low-density 
lesions involving both thalami seen on 
CT scan. The resolution of these 
changes noted on the follow-up CT 
scan suggest that the hypodensity 
represented edeme rather than in- 
faretion. Normally, the vein of Galen 
and straight sinus receive venous 
drainage from both thalami, the basal 
ganglia, the rostral midbrain, and the 
medial and lateral geniculate bodies.* 
Neuropathological studies in fatal 
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cases of thrombosis of the deep cere- 
bral veins have demonstrated exten- 
sive hemorrhagic infarction of these 
structures. Hydrocephalus has been 
described in some cases. The favorable 
clinical outcome in the case described 
herein was likely due to the develop- 
ment of adequate alternate routes of 
collateral venous drainage. 

Although the mechanism by which 
edema mediates cerebral dysfunction 
is poorly understood, most of the fea- 
tures of this case can be explained by 
dysfunction of the local structures 
shown on CT scan to be involved by 
the edema. 

Disorientation has been observed 
following dorsomedial thalamotomy,’ 
and after unilateral or bilateral tha- 
lamic infarctions involving the anteri- 
or thalamic nuclei.*!*"! These thalamic 
regions have also been implicated in 
memory disturbances, with verbal 
memory deficits reported in left tha- 
lamic lesions” and deficits of visual 
memory described in right thalamic 
lesions.” Impairment in both spheres 
is present in bilateral lesions, as was 
seen in this case. Confabulation has 
been associated with bilateral lesions 
of the dorsomedial nucleus in Korsa- 
koff’s psychosis." 

Lack of initiative, impulsivity, and 
spontaneity, and slowing of all mental 
processes has been termed “abulia” by 
Adams and Victor,'* who found this 
behavioral disturbance to be a feature 
of bifrontal lobe disease. However, it 
is also described as a feature of bilat- 
eral thalamic infarction®!''*"* and was 
a notable feature in this patient. The 
anterior thalamic nuclei have exten- 
sive projections to the cingulate 
gyrus, lesions of which have produced 
akinetic mutism.” 

A multifocal pattern of intellectual 
deficits emerged from neuropsycho- 
logical testing. While aphasia has 
been associated with left thalamic 
lesions,” only minimal naming diffi- 
culties were discerned in this patient 
and speech was fluent, although her 
verbal responses were delayed. Repe- 
tition, reading, and writing were all 
preserved, but there was a profound 
deficit in calculating ability. Reading 
comprehension was also impaired, 
perhaps related to the severe memory 
deficit. Responses to verbal com- 
mands were delayed, but correct, and 
paraphasic errors were absent. In- 
sight, mental flexibility, and concen- 
trating ability were all impaired. In 
addition, a severe deficit in attention 
emerged, as evidenced by poor perfor- 
mance on the Trail Making Test. 
Moreover, the Tactual Performance 
Test (normally part of the Halstead- 

















Reitan Neurcpsychological Test Bat- 
tery) could not be completed by the 
patient, despite normal primary and _ 
cortical sensation evidenced on clini- — 
cal examination. “he poor perfor- — 
mance on this test could also be E 
attributable to the attentional deficit. 
The pattern cf deficits in this patient — f 
is compatible with that described as _ 
“thalamic dementia,” and could — 
possibly be d:fferentiated from other | aE 
dementing processes (eg, Alzheimer’s be 
disease) by tke abu_ia and dispropor- S 
tionate impairmert of attention, 
short-term memory, and calculating 
ability. These features were also — 
prominent in descristions of patients 
with progressive dementia attributed 
to degenerative disease of the thala am 
mus.???! a 

Vertical gaze abnormalities, partic- — 
ularly downgaze prcblems, have been | 
frequently describec in patients with — 
bilateral thalamic lesions.“ Marked — 
oculometor findings were not a fea- 
ture of this case, but the vertical — 
nystagmus on upzaze may have — 
reflected dysfunction of upgaze cen- — 
ters in the pretectal area of the mid- 
brain. 

Primary or cortical sensory Losi 
was notably absent. The venous drain- 
age from the ventral tier of thalamic 
nuclei, as wel. as the hypothalamus, 
empties into the basal vein of Rosen- 
thal, whereas the remainder of the 
thalamus is draineé by the internal — 
cerebral vein or vein of the choroid — 
plexus.’ Intervenous anastomoses be- — 
tween the superficia. system and the — 
basal veins, allowing the latter to — 
remain patent, possibly account for 
the dissociation of deficits. 

The use of oral ccntraceptives has 
been associated wth spontaneous — 
cerebral venous thrombosis” and may — 
be implicated in the present case. Oth- 2 
er hypercoagulable states, such as 
that associated witk protein § defi- 
ciency,” are possible, although a care- E 
ful search for the more common coag- 
ulation disorders was made. The sig- 3 
nificance, if any, cf the transient 
hypofibrinogenemia seen in this 
patient remains uncl2ar. Spontaneous 
neurological improvement without — 
the use of antieoagulants was- 
observed, ever. though the straight — 
sinus remained occluded at follow-up — 
examinations. 
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Beverley Sandricge provided word processing 
assistance. 
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5- = @ High-altitude headache and taste 
_ dysfunction are usually cured within a few 
= months by descent to sea level. We 
studied a patient who had persistent 
~ bitemporal throbbing headache with the 
_ associated findings of high-altitude head- 
-= ache syndrome 15 years after a compres- 
= sion chamber accident. He also had loss 
not taste without loss of smell since the 


-J igh-altitude headaches'? have 
~~“ been described as a feature of 
_ acute mountain sickness and of hyp- 
_ Oxia during balloon ascents.’ These 
intense throbbing headaches, which 
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Persistent High-Altitude Headache and 
- Aguesia Without Anosmia 


city: R. Kassirer, MD, Rommelle Von Pelejo Such, BSc 


are associated with a sensation of 
fullness of the head, hot flushes of the 
face, photophobia, and injection of the 
ocular mucosa, generally remit on 
descent to sea level.* Although the 
headache of acute mountain sickness 
has persisted in a few cases for a few 
months, return to sea level has been 
curative in most instances.* We 
recently encountered a patient who 
not only had persistence of his high- 
altitude headache syndrome but also 
had persistent focal neurologic abnor- 
malities. 


REPORT OF A CASE 


A 32-year-old, right-handed man as- 
cended 7620 m in a pressure chamber 
designed to teach flight training recruits 
techniques for handling hypoxia. During 
the ascent he did not receive supplementa- 
ry oxygen because his apparatus was 
defective. When high altitude was reached 
and the recruits removed their masks, the 
patient collapsed comatose and stopped 
breathing. Mouth-to-mouth resuscitation 
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revived the patient, and immediate descent 
with oxygenation was accomplished. After 
the incident he had bitemporal throbbing 
headaches, nasal stuffiness, ear fullness 
bilaterally, eye irritation and redness,’ 
intermittent rash over the face on either 
side, and a feeling of heat in the head, 
especially over the rash. 

Fifteen years later, at examination, the 
bitemporal throbbing headache persisted. 
It was intermittent and occurred three to 
four times per week, with variable dura- 
tion. However, the patient was headache 
free for up to six months at a time. The 
headache was not positional. There was no 
aura or concomitant neurolog.c subjective 
symptoms. There was intermi=tent nausea 
but no vomiting. Mechanical features nei- 
ther induced nor relieved the headache. It 
occurred during the day and never awak- 
ened the patient from sleep. There was no 
family history of headache. There were no 
known food triggers. The patient com- 
plained that since the incident he had not 
been able to taste anything buz that he had 
no impairment of smell. 

After the incident the patient found that 
he was unable to fly in a helicopter higher 
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than 152.4 m beeause he quickly experi- 
eneed an excruciating headache and 
` unbearable maxillofacial and otologic full- 
ness. 
@n exam ration, the patient had a mild 
lef. ptosis, # left central facial and mild 
a, head tremer at rest, presence of smell to 
+ cloves bilatezally, and absence of taste to 
` sugar, sour, salt, and bitter (Accusens T 
Taste Functien Kit, Westport [Conn] Phar- 
mareuticals) vilaterally on the tongue and 
in the entire mouth. There was no papille- 
dema. The results of the remainder of the 
neurologic examination were also normal. 
At one pointsduring the examination, the 
patient exclammed that his face was feeling 
flushed, hie rostril was clogging, his head 
ached, and he felt hot. His oral tempera- 
ture at this time was 37.3°C. A serpiginous, 
macular rashappeared over his right max- 
illary skin, end his right nostril became 
edematous ard blocked. He had anosmia to 
_ testing of the right nostril at this time. 
ive minutes ater, the patient stated that 
e experience was over; indeed, his oral 
muperature -was 37.1°C, the rash had 
ecreased in tensity of the erythema, the 
ostril had chared, and there was no anos- 
ia to retestmg. 
Before our current examination, the 
omputed tomographic scan was normal, 
sinus roentgenograms were normal, and 
the ear, nes, and throat examination 
_ showed no sinusitis or otitis. His complete 
bloed cell count was normal. 


COMMENT 


This patient had the unusual combi- 
nation of both persistent high-alti- 
tude headacae syndrome and residual 
neurelogic Geficits, most remarkably 
aguesia (absence of taste)? without 
anesmia (absence of smel.). 

High-altitade symptoms were de- 
scribed in © xc in the Tseen Han 
Shoo: book 95, part 1, which includes a 
deseription of crossing the Hindu 
Cush (sic) and “passing the Great 













Headache Mbuntain, the Little Head- ` 


ache Moumrain...and the Fever 
Slope where nen became feverish, lost 
colar and were attacked by headache 
and vomiting” and “the asses and 
eattle being n like condition.’ 

Qur patiert was briefly anoxic, and 
erebral amoxia is a potent source of 
Pheaciache.'' The question as to wheth- 
er exposure m the extreme hypoxia of 
great altimeles results in residual 
‘impairment ef central nervous system 
function? has been raised. The pres- 
nee of loew hypoxic brain damage 
ita transient aphasia, memory dys- 
on, and psychological effects of 
xia supports the concept that 
rain damag= does occur in some indi- 
iduals amd may persist in some 
ountain clombers.'* However, some 
im that tere is no residual damage 
exposure to high altitude.'’’* Our 
suppers the view that perma- 
ent damage does occur. 
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It is well known that headache, 
nausea, and vomiting also are noted 
when oxygen saturation acutely falls 
below 85%. Also, with acute hypoxia, 
as with our case, abnormal neurologic 
signs are either bilaterally symmetric 
or unilateral when they occur.” 

In our patient, aguesia'*?! was 
present despite the persistence of the 
sense of smell. Complete aguesia is 
rare unless there is also loss of smell.” 
It would be unusual for anoxia to be 
the etiologic factor in our patient’s 
loss of taste bilaterally; however, 
transient impairment and lowering of 
the threshold to taste”? and 
decreased sensitivity to basic taste” 
as effects of increasing altitude have 
been noted. 

Fullness of the face and ears, as 
seen in our patient, was described in 
December 1783 by the physicist M. 
Charles, who ascended in a hydrogen 
balloon and experienced “very ex- 
traordinary pain in the interior of my 
right ear and in the maxillary glands; 
I attributed it to the expansion of the 
air contained in the cellular tissue of 
the organ...but the pain vanished 
only when I reached the ground.” At 
high altitude, marked congestion of 
the mucous membranes of the eyes, 
ears, and nose may occur, and if the 
person continues to live in high alti- 
tudes, the symptoms often become 
worse22P!50-153. however, they disap- 
pear with descent to sea level. Once 
again, the persistence of the fullness 
of the face that our patient suffers is 
unusual. 

It is interesting to speculate as to 
why this patient might have such a 
persistent syndrome. He lives in an 
area of Massachusetts that is over 
152.4 m above sea level at its town 
hall. He must travel within his town 
to areas that are of even higher eleva- 
tion on a regular basis. Since a single 
helicopter ride of greater than 152.4 m 
resulted in excruciating pain in this 
patient, it is likely that the altitude of 
his hometown is directly related to 
the residual problems he has incurred. 
However, since his syndrome was 
manifested in our office, which is at 
sea level, it is clear that the altitude of 
the town cannot entirely explain the 
persistence of his symptoms. 


CONCLUSION 


Our patient had persistent high- 
altitude headache and focal neurolog- 
ic abnormality with predominant 
aguesia without anosmia. The aguesia 
was a permanent neurologic deficit 
secondary to the high-altitude syn- 
drome. High-altitude headache syn- 
drome including maxillofacial and 













































otologic fullness as well as conjne ti = 
val injection was shewn to. be is- 
tent 15 years after əxposure. ker o 
fore, we have Cocumented that retur y 
to sea level is not curative for all 

patients with high-altitude headache 5 
syndrome. 
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= Neurosurgeons—dissection skills for bone- 
= work of the cranium and spine, including atten- 


tion to bioplastics and biometals applicable 
to neurosurgery. 


' PSE on Personnel—dissection skills to become 
{familiar with the applications of power instru- 
. mentation; discussion of and participation in 
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_@ An otherwise healthy diabetic wom- 
n developed severe hyponatremia, her 
erum sodium ion levels were rapidly cor- 
cted to normal, and she had a course of 
improvement then neurologic deteriora- 
tion, with seizures and coma developing 
in the subsequent two days. Imaging 
studies, ‘cluding computed tomography 
and magmetic resonance images of the 
brain as late as 19 days after the osmotic 
insult, failed to show pathologically 
demonstrated demyelinating lesions. Os- 
tic braim injury induces demyelination 
areas of gray-white apposition and, 
tically, results in a delayed neurologic 
terioration one te three days following 
osmotic challenge. Even with magnet- 
resonanee imaging, review of the litera- 
and this experience suggest that 
‘smotic demyelination cannot reliably be 
maged during the first month after the 
nsult. 

(Arch Neural 1989;45:343-347) 


yponatremia is æ frequent and 
potentially serious finding among 
hospitalized patients. The optimal 
management of sueh patients remains 
a controversial topic.” Arieff et al!” 
have emphasized the risk of hypona- 
tremia, correctly stressing that this is 
an all too commonly missed problem 
in hospitalized patients, which may 
result in permanent neurologic mor- 
bidity. In addition to the acute mor- 
bidity from cerebra! edema and herni- 
ation syndromes, Arieff described a 
delayed neurologic syndrome, which 
ecurred in 47% of the cases that he 
eported. Im these cases, women with 
ostoperative hyponatremia were 
reated with hyperosmolar sodium 
cloride, and they regained conscious- 
css so that they were able to walk, 
eat, and talk. After twe to three days, 
hey underwent a clinica! course char- 
cterized by decreased alertness, 
nereasing headache, nausea, and pro- 
ressive obtundation. This was fol- 
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lowed by a lapse back into a coma 
associated with a recurrence of sei- 
zures. It was suggested that this was 
due to a delayed postanoxic encepha- 
lopathy, since patients were described 
to have suffered respiratory arrest 
associated with seizures at presenta- 
tion with hyponatremia. No patients 
in this group had full autopsy results 
reported. 

We describe a woman in good 
health who presented with hypona- 
tremia; she was treated aggressively 
with hypertonic saline solution, her 
condition improved, and then several 
days later, she developed a coma and 
seizures. Post mortem, pontine and 
extrapontine myelinolysis was en- 
countered. The patient had no respira- 
tory arrest. The brain lesions were not 
demonstrated on premortem imaging 
studies, including computed tomogra- 
phy (CT) and magnetic resonance 
imaging (MRI). 


REPORT OF A CASE 


A 59-year-old woman with a 14-year 
history of hypertension and six-year histo- 
ry of adult-onset diabetes mellitus was 
admitted to our hospital on Sept 27, 1986. 
It was reported that she had been well, and 
she worked full-time in a public school. She 
did not drink alcohol and had not been 
losing weight. She had presented to anoth- 
er hospital two days earlier with the 
history of four to five days of increasing 
lethargy, anorexia, and generalized weak- 
ness. There was a history of minor head 
trauma six days before admission; this 
trauma did not involve a loss of conscious- 
ness nor did she leave work. She had 
continued to take chlorpropamide, furose- 
mide, and a thiazide that contained an 
antihypertensive agent for diabetes and 
hypertension. 

At presentation at an outside hospital, 
laboratory studies disclosed the following 
values: serum sodium ion, 105 mmol/L; 
serum potassium ion, 2.5 mmol/L; serum 
chloride, 58 mmol/L; bicarbonate, 26 
mmol/L; serum glucose, 10.0 mmol/L; and 
serum urea nitrogen, 3.6 mmol/L of urea. 
The patient’s appearance was described as 
“dry” with diminished skin turgor and dry 
mucous membranes. On the following day, 
3.5% saline solution was given, along with 
furosemide, resulting in an increase of the 
serum sodium ion level to 147 mmol/L 
during a 12- to 24-hour period. An enlarged 
sella turcica was noted, and the patient’s 
symptoms were suggestive of a pituitary 
tumor. 

When she was transferred to our hospi- 


ek of Pathologic and Radiologic Imaging Correlation 


tal, the patient claimed that she felt her 
normal self. The results of her general 
physical examination were unremarkable. 
She was completely oriented but somewhat 


drowsy, with slurred speech. She answered ` 


questions in complete sentences. Her 
serum sodium ion level was maintained 
between 138 and 145 mmol/L, and her 
serum glucose and serum urea nitrogen 
levels were in the normal range thereafter. 
On the following day, a CT scan was nor- 
mal except for an empty sella turcica. The 
patient’s condition deteriorated; she be- 
came more lethargic, fol owed only one- 
step commands, and grunted in response to 
examiners. During the following two days, 
a flaccid quadriparesis and a deep coma 
developed. Blood gas determinations 
revealed normal values. Lambar puncture 
was performed with normal results. Eye 
movements were preserved to oculoce- 
phalic maneuver. Focal seizures that 
involved the face occurred and were 
treated with anticonvulsants. The patient 
showed no improvement during the subse- 
quent month, and she died with pneumonia 
on Oct 25, 1986, one month after presenta- 
tion. During her course in our hospital, she 
had two CT scans of the brain (at three and 
eight days) and MRI (19 days after presen- 
tation), with special attention paid to the 
pons. These studies were nendiagnostic. 


PATHOLOGIC FINDINGS 


Gross postmortem examination of 
the brain revealed only faint chalky 
stippling of the anterior limb of the 
right internal capsule and linear light 
brown discoloration of the cerebral 
cortex bilaterally in the parietal lobes. 
No recognizable foci of discoloration 
or softening were seen in any other 
areas, most notably the pons. Micro- 
scopic examination, however, demon- 
strated multiple foci of myelinolysis 
that involved the basis pons and sev- 
eral extrapontine sites. The lesions 
were characterized by myelin loss, a 
foamy histiocytic infiltrate, reactive 
astrocytosis, and loss of cligedendro- 
glial cells. The changes were promi- 
nent in the central portion of the basis 
pons at the junction of the pontine 
nuclei and adjacent longitudinal and 
transverse fibers and in the anterior 
limb of the right internal capsule that 
grossly appeared to be chalky. There 
was unequivocal relative sparing of 
neurons in the affected areas. Some 
neurons did appear to be shrunken, 
but none showed cytoplasmic hyper- 
eosinophilia, pyknotic nuclei, or 
karyorrhectic nuclei. Although axons 
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Fig 1.—Axial computed tomographic scan 
(without intravenous contrast injection) at lev- 
el of fourth ventricle. Pons shows normal 
density. There is no evidence of parenchymal 
disease. 


were spread apart by the histiocytic 
infiltrate and consequently appeared 
to be slightly decreased in numbers, 
their numbers overall were relatively 
preserved. 

Similar myelinolytic lesions with 
relative neuronal and axonal sparing 
were identified in the left internal 
capsule, lateral medullary lamina, 
deep cerebral cortex in all lobes, and 
cerebellar arbor vitae. Each lesion 
was clearly situated in an area of 
contact or intimate admixture þe- 
tween gray and white matter. None 
were situated in the middle layers of 
the cortex, as is characteristic of cor- 
tical laminar necrosis. The numbers 
and extent of demyelinative foci were 
not clearly apparent on examination 
of hematoxylin-eosin-stained slides. 
Stains for myelin (Luxol fast blue 
and periodic acid-Schiff) and axons 
(Sevier-Munger) were required not 
only to determine the extent of indi- 
vidual foci of myelinolysis, but to 
inventory accurately all areas of 
involvement. In addition, and in dis- 
tinct contrast to the myelinolytic 
lesions, multiple areas of subacute 
cerebral cortical laminar necrosis 
that involved the midcortical layers 
were noted. They were responsible for 
the gross discoloration in the parietal 
cortex and were also seen microscopi- 
cally in the frontal, temporal, and 
occipital lobes. These lesions, by vir- 
tue of the brisk accompanying astro- 
cytosis and degree of neuronal loss, 
were consistent with an age of several 
weeks. They were distinguished from 
the areas of myelinolysis by their 
location in the mideortex, marked 
neuronal loss, and hypereosinophilic 
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Fig 2.—Axial magnetic resonance images using 0.5-tesla magnet. Plane of section is simila 
computed tomographic scan in Fig 1. Left, Spin echo pulse sequence (repetition time, 15001 
echo time, 30 ms). Right, Spin echo pulse sequence (repetition time, 1500 ms: echo time, 1 
ms). Pons shows normal signal intensity in both images. There is no evidence of parenchyr 
disease. 


appearance of some residual neurons. 
No appreciable change in myelin con- 
tent was evident due to the paucity of 
myelinated fibers in the midcortex. 


COMMENT 


This case illustrates disastrous 
results of hyponatremia and its rapid 
correction in an otherwise functioning 
and medically stable patient. The 
original hyponatremia was probably 
the result of the oral hypoglycemic 
agent and diuretie use. The nonspe- 
cific clinical symptoms are typical of 
developing hyponatremia. Neurologic 
deterioration after the correction of 
the electrolyte abnormality and the 
characteristic clinical picture sug- 
gested central pontine myelinolysis, 
although the deterioration was fulmi- 
nant and was not in the setting of 
alcohol abuse, malnutrition, or liver, 
renal, or neoplastic disease, as is more 
commonly the case. Although a head 
CT scan, and MRIs, which can demon- 
strate myelinolysis, were performed 
with this diagnosis in mind, they were 
normal (Figs 1 and 2). However, a 
postmortem examination demon- 
strated many areas of demyelination 
in the pons, basal ganglia, and cortex 
(Figs 3 and 4). While the pathologic 
picture is not the isolated picture of 
central pontine myelinolysis as an iso- 
lated pathologic entity, it typifies 
pontine and extrapontine myelinoly- 
sis, which has been repeatedly re- 
ported." 

Like other demyelinating dis- 
ease, pontine myelinolysis, when 


demonstrated by CT, appears as ar 
area of decreased density without con- 
trast enhancement. In patients who 
have survived, CT abnormalities were 
unchanged eight months after the epi- 
sode.” Lesions have been shown to 
regress during long periods.'”!? Pon- 
tine myelinolysis has also been 
observed by MRI scanning.”’ The 
MRI lesions show manifestations of 
prolonged T, and T,. Therefore, lesions 
appear as areas of decreased signal 
intensity on T,-weighted images”? 
and as increased signal intensity on 
balanced and T.-weizhted images. 
Imaging characteristics of extrapon- 
tine myelinolysis appears to have sim- 
ilar properties, although it is less 
commonly reported.*>** 

Our case illustrates that even witl 
modern brain-imaging methods tha 
certainly can demonstrate myelinoly 
sis, they cannot rule out this diagno 
sis. The results of full autopsy evalua 
tion in our case confirmed the pres 
ence of extensive demvelination in the 
face of normal imaging studies. The 
interval between the insult that 
causes a lesion and the imaging study 
is crucial. We believed that a delay of 
greater than two weeks between clini- 
cal deterioration and the MRI scan 
would be sufficient co establish the 
pathologic condition for imaging pur- 
poses based on experience with is- 
chemic brain lesions. A review of re- 
ported cases does rot support this 
belief (Table). It is important for cli- 
nicians to recognize that published 
reports of the diagnosis of centra 
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me myelinolrsis by CT and MRI 
routimely been unable to confirm 
diagnesis in tne first three to four 
ks after the osmotic insult.” 
Gerson und celleagues’’ reported 
an abeorma scan was undoubt- 
misleading, as the clinical pre- 
tion m ther study was more 
ely an alcohol withdrawal syn- 
reame complicated by pneumonia, and 
seemed te be likely that the demye- 
ting lesson demonstrated six days 
r admission was from a remote 
. The eegree of confluent demye- 
ition am cavitation clearly varies 
m case ™ case and may be a key 
ter in the ease of antemortem diag- 
sis, but extensive demyelination 
ssoriated with osmotic changes was 
ifieu't to «ocument in a large num- 
ser ef reported cases. 

The demwelination associated with 
iple scErosis>'** is more readily 
een by MEI than on CT. A similar 
nereased ©nsitivity has not been 
clearly demonstrated for osmotic 
demvelinatin. This lack of clear doc- 
umentation of MRI superiority is sur- 
prising in wew of the common local- 
ization of esmotic demyelination in 
the pons. Resolution in the posterior 
fossa is improwed because surround- 
ing bomy structures do not degrade the 
MRI image as they do the CT images, 
‘and che ease of reconstruction of the 
image in dif erent planes also theoret- 

y impreves MRI of the posterior 
ossa relate to CT. However, this 
retica’ advantage of MRI has not 
been ceserined to increase substan- 
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Fig 3.—Left, Whole mount preparation of pons stained for myelin demonstrates subtle 
demvelinative foci as patchy areas of pallor (Luxol fast blue-periodic acid-Schiff, original 
magnification X1). Right, Inset (from left) shows closer examination of demyelinative palor, 
clearly involving descending fiber tracts (Luxol fast blue-Periodic acid-Schiff, original magnifica- 


Fig 4.—Myelinolytic lesions are characterized by pallor due to myelim loss and by abundance of 
histiocytes and reactive astrocytes as seen in this section from pons. Mote persistence of 
neurons (hematoxylin-eosin, original magnification X 102). 


tially the imaging sensitivity of 
osmotic lesions. The MRI case reports 
of Takeda et al” showed a well-estab- 
lished lesion that was visible by CT 
and MRI, as did the case report of 
Haan and Deppe.* DeWitt et al” 
described an abnormal MRI scan at 
eight months when the CT scan did 
not reveal the lesion. However, the CT 
scan was degraded by movement arti- 
fact and had demonstrated the lesion 
in previous studies. Price et al% also 
demonstrated their lesion on both CT 


and MRI, but noted pataminal lesions 
on MRI that were not seen on the CT 
scan. However, the M2I scan was per- 
formed at 43 days, well after the CT 
scan performed at 25 days. Rippe and 
associates” reported normal CT scans 
with abnormal MRI scans, but again 
the CT scans were ea~ly, whereas the 
MRI scan was done at 31 days, when 
the CT scan might we | have also been 
abnormal. Price and Mesulam” de- 
scribed a normal CT sean with an 
abnormal MRI scan. The MRI image 
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at 2.5 months was abnormal, with the 
CT scan normal only at eight days. 
There apparently was an earlier 
abnormal MRI scan in this case, but 
the timing was not reported. Our own 
case, in which MRI and CT scans were 
both available, substantiates that 
these techniques may fail to show 
extensive areas of demyelination 
associated with osmotic brain injury, 
at least as late as 19 days after the 
osmotic insult. Thus, while an MRI 
scan may demonstrate greater detail 
of these lesions, it may not be able to 
document them much earlier than a 
CT scan, which clearly requires a 
delay of at least three weeks before 
becoming abnormal. 

The delayed neurologic deteriora- 
tion of this patient’s condition was 
reminiscent of almost half of the 
cases that Arieff" reported with 
delayed neurologic deterioration 
(none of which had autopsy findings 
recorded); it suggests the possibility 
that these cases also represented 
osmotic-induced pontine and/or ex- 


_trapontine demyelination rather than 
hypoxic ischemic or delayed anoxic 


injury as he suggested. While the 
presence of laminar necrosis in our 
case suggests that there was, at some 
point, hypoxic ischemic insult, per- 
haps as a result of the terminal pneu- 
monia, the pathologically demon- 
strated demyelinative syndrome that 
was seen in our case has not been 
associated with purely anoxic inju- 
ries. The proposed mechanism for 
delayed neurologic deterioration due 
to anoxic injury is unknown, although 
the pathologic result is also a demye- 
lination.*’** However, the distribution 
of this demyelination, typified by sur- 
vivors of carbon monoxide exposures, 
suggested a more diffuse demyelin- 
ation, sparing only the U fibers, with 
no clear description of pontine lesions 
nor a predilection to areas of gray and 
white matter apposition as in the case 
of osmotic demyelination. The clinical 
deterioration in the postanoxic syn- 
drome also tended to be more delayed, 
with a reported range of two to 40 
days and a mean of 22.4 days.” 
Because the time course and distribu- 
tion of lesions differs from delayed 
anoxic demyelination, the pathophysi- 
ologic mechanism of osmotic demye- 
lination is unlikely to be the same and 
remains a matter of speculation. 
This case supports the concept that 
rapid correction and/or overcorrec- 
tion of hyponatremia can cause a 
demyelinating brain injury. This con- 
tention has been supported in recent 
years on clinical'***“° and experimen- 
tal bases. The time course of 
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Reported Cases of Brain Lesions Using CT and MRI for 
Diagnostic-lmaging Purposes * 


Age, y/ 
Source, y Sex 
Anderson et al,2° 1979 53/M 


Messert et al,2'! 1979 


CT dt MRI wk 


Time, Time, 


Comment 


+. Probable previous injury, no 
clinical picture of osmotic 
demyelination 

T» 16 No interval change 




















44/M = is ois onal hina 
OE E e * oe S U a 
Telfer and Miller,3? 5i/F — 16 
1979 
scan improvement 
Yufe et al,33 1980 49/F — 7 aN AT my E 
+ 30 es 7+ , 
Thompson et al,9 1981 47/M =: 8 a acs sere Extrapontine involvement in 
thalamus, putamen, internal 
+. as oe The capsule, autopsy verification 
+ 165 eo Te 
38/M e © 
+ 19 
28 
Hazratji et al,?8 1983 5F = $ <a PF : 
= . 10 Ta < alg aids 
+ -TO T ae — 
+ 170 tuy We | 
Sztencel et al, !7 1983 28/M + 3wk 
+ 7wk Progression suggesting 
recovery of CT lesion 
+ 20 wk during observation period 
Gerber et al,'® 1983 28/M + 39 fe eee P 
E EONO «se. YF apis 
+ 12mo aie hits <r 
=- 22mo Demonstration of imaging 
resolution fellowing clinical 1 
— 31mo improvement p 
Rosenbloom et al,34 50/F —- 6 Prominent pontine, 
1984 cerebellopontine angle 
cisterns, and 4th ventricle 
-— 8 Higher resolution— still 
essentially norma 
DeWitt et al,?? 1984 57/F Cortical atrophy only 
+ 4wk 4 
+ 8 wk + 8 
+ 13 wk + 13 sie 
— 8mo + 8 mo CT degraded by movement 
artifact 
Takeda et al,?3 1985 58/F - 1 +e Rate 
+ 8wk + 15 ith 
+ 30 wk No interval image change i 
Haan and Deppe,?* 38/M + 8wk 4 12 r 


1986 


+ 94 wk + 95 


*CT indicates computed tomography; MRI, magnetic resonance imaging; plus sign, lesion consistent with 
demyelination, particularly in pons; and minus sign, includes cortical atrophy, but not with pontine or white 


matter lesions. 


tTime from probable insult to date of scan. 


osmotic challenge with some neuro- 
logic recovery, and then the develop- 
ment of further evidence of neurologic 
compromise during one and three 
days, are characteristics of this type 
of lesion. Pathologically, a multifocal 


demyelination in areas of gray-whit 
apposition is typical, ineluding th: 
pons where the mixture o? tracts a? 
neurons is apparently particular 
favorable to the production of demy 
lination. It is quite possible that oth 
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Reported Cases of Brain Lesions Using CT and MRI for 





K- Diagnostic-Imaging Purposes” (cont) 
ie Age, y” Time, Time, 
| Source.y Sex CT MRI wk Comment 
| erns et al, 986 sip -__§ 
| Saif == 40 
80/M + 3mo 
68/F - § 
74/F - 6 
75/F - 4 
77/F - 4 
41/M —- $ 
>riceet al,2> 1 87 53/M —- ~4 he ee aid 
. + 25 + 43d Pons and bilateral putamen, 
earlier missed putaminal 
lesion 
-yiee-and Meswam,”© o/F - 8 + 22 Timing of MRI is not stated 
. 1987 
‘ippe et al,2” 87 46M — 1 
— — 10 AFi one 
A ve’ a + 31d Pontine and extrapontine 
£ lesions 
p. ‘sen,"? 1987 61/F —- 8 
C + 39 
‘ = 15mo 
i report 59/F a Sl 
3 = 2S ‘ 5:4 
t - 8 = 19 d 
Ue 
fh 
t s, such as nutritional status, hyponatremia. N Engl J Med 1986;315:1352. 
‘Aa nitantd seases, and perhaps the tice ie be A roel of PipphAueny 
E th: the patent, also play a role in 7. Narins RG: Therapy of hyponatremia. 
| “*Jathophysiolegy underlying this N Engl J Med 1986;315:1354-1355. 


y E cn. However, animal studies in 
y unction yäth eases, such as the 
F : ant one, suggest that rapid osmot- 

s fts play a crucial role. 
ür $ clear taat further correlation 
aft nical treetments and subsequent 
e wes with pathologic evaluation 
© se necessary to explore the conse- 
nees of hyoonatremia and its cor- 
tion. No casrent imaging procedure 
jiably demonstrates the lesions dur- 
+ the first month after the osmotic 
ult, and these lesions may even be 
i otle unlese pathologic study is 
, rected toward demonstration of 
3 myelinatier Until the pathophysio- 
H Sgic mechan sms are more clearly 
J ucidated, i; seems prudent to 
nphæize aycidance of hyponatremia 
J by recegnitior of its causes and symp- 
af ‘ams, and te “reat it by conservative, 
gradual eorre=tion when it is encoun- 

_ tered. 
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“Modern Dissection oe a of Bone, 

Biometals, Bioceramics, and Bioplastics” 
(NEURO 700)* 
(Plastic, ENT, Craniofacial and Maxillofacial 
surgeons may attend this conference) 
Course Directors: 

John M. Tew, Jr., M.D. 

Susan Mitchell, Ed.D. 
Lee Sobania, Ph.D. 


WORKSHOPS: The Midas Rex Hands-On Workshops will be 


held each day from 7:30 am to 1:30 pm. The workshop willem- 
phasize a series of hands-on exercises, utilizing appropriate 
animal bones, skeletal bones, bioplastics and biometals for 
dissection in the cranium and spine. Methylmethacrylate and 
biometals, as they are related to neurosurgery will also be 
considered. Guest lecturers will present clinical aspects of 
spinal and cranial procedures and video tapes of clinical pro- 

cedures will be available. 
CREDITS: C.M.E. credit available. 
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co-sponsored by. 
The Department of Neurosurgery 
UNIVERSITY OF CINCINNATI MEDICAL CENTER 


in affiliation with 
GOOD SAMARITAN HOSPITAL 
~CHRIST HOSPITAL 
MAYFIELD NEUROLOGICAL INSTITUTE 
and 
MIDAS REX® INSTITUTE 


ACCOMMODATIONS: The Westin Hotel at Fountain Squar, 
incinnati, Ohio 45202-3160. Phone: (513) 621-7708 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.0, 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/ORT/ PA/Other) $250.00. Make check to “Cincin- 
nati Symposium.” Mail to: Midas Rex Instituta, 2929 Race 
Street, Fort Worth, Texas 76111. Phone: 800-433-7639 or 

317-831-2604. 


“There will be a simultaneous Orthopaedic Symposium (Ortho 700) at the same time in a separate room. Hospitality and some 
lectures will be combined. 
Join the more than 7,000 enrollees who have completed Midas Rex Hands-On Workshops. (3,600 Orthopaedic Surgeons; 1,450 
Neurosurgeons; 2,000 OR Personnel) 
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